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‘HEXAMETON 


... & Well-proven powerful hypotensive 
agent—for use in certain types 

of hypertension and peripheral 
vascular disease 

. +» patients must be properly selected 
and dosage closely controlled — 
particularly initially 

. detailed information available 

on indications, dosage, and 
precautions. 


FOR INJECTION 

Chloride brand Hexamethonium 
Chloride Injection 

Bach cc. contains 25 mg, or 100 mg. 
Hexamethonium ton 


Each strength in multiple-dose 
vials of 10 oc. 


FOR ORAL USE 


‘wexame@erom Chloride brand Hexamethonium 
Chloride Compressed 250 mg. 
and 500 mg. 


Both strengths scored 


Each strength in bottles 
of 100 and 1.000 


co. (v.s.a.) me. & Tuckahoe 7, New York 
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1 Manubrium 

2 Right internal mammary 
artery and vein 

3 Thyreoidea ima vein 

4 Right brachiocephalic vein 

5 Anterior superior 
mediastinal lymph nodes 

6 Superior vena cava 

7 Right lung 

8 Right coronary artery 

9 Preventricular arteries 

10 Right atrium 


11 Lateral branch of right 
coronary artery 


12 Posterior descending 
branch of right 
circumflex artery 

13 Right circumflex artery 

14 Right marginal artery 

15 Anterior inferior 
mediastinal lymph nodes 

16 Xiphoid process 


17 Left internal mammary 
artery and vein 


18 Left brachiocephalic vein 
19 Brachiocephalic trunk 


20 Vagus nerve; mediastinal 
pleura (cut) 


21 Superficial cardiac 
lexus; arch of aorta 

22 
artery; phrenic nerve 

23 Pulmonary artery 

24 Left coronary artery 

25 Left circumflex artery 

26 Anterior descending 
branch of left 
coronary artery 

27 Left marginal arteries 

28 Left ventricular branches 

29 Right ventricle 

30 Left ventricle 

31 Left lung 

32 Pericardium (cut) 


This is one of a series of paintings for Lederle by Paul Peck, illustrating the anatomy of various organs 
and tissues of the body which are frequently attacked by infection, where Aureomycin may prove useful. 


The 
oronary Arteries 


Subacute bacterial 
endocarditis, resistant to 
penicillin therapy, frequently 


responds to 


CHLORTETRACYCLINE 


Aureomycin is also of value, 
against susceptible organisms, 
in the prophylactic treatment 


of rheumatic heart disease. 


ORALLY: Capsules — Syrup — Drops 


PARENTERALLY: Solutions 


LEDERLE LABORATORIES DIVISION 
AMERICAN Goanamid COMPANY 


30 Rockefeller Plaza, New York 20, N. Y. 


* Trade-mark 


ute 
| 
= = 
3 


j= 


GANTRICILLIN-300 provides 300,000 units of penicillin 
plus 0.5 Gm of Gantrisin, the single, highly soluble sul- 
fonamide. Especially useful in conditions in which the 
causative organisms are more susceptible to the com- 
bination than to either Gantrisin or penicillin alone. 
Gantrisin* Roche’ “‘would seem to be an ideal sulfon- 
amide to use where it is desirable to combine sulfon- 
amide administration with other antibacterial agents.” 
Herrold, R. D.: South. Clin. North America 30:61, 1950. 

Also available — Gantricillin (100), containing 0.5 Gm Gantrisin 


and 100,000 units of crystalline penicillin G potassium 
Supplied: Bottles of 24, 100 and 500 tablets. 


Gentricitin® Gantrisin® —brand of sulfisonazole (3,4 dimethy!.5 


HOFFMANN+LA ROCHE INC + ROCHE PARK + NUTLEY 10° N, Js 
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Monthly by The New York Academy of Medicine, 2 East 103 Street, New York 29, N. Y. Entered as 
second-class matter February 3, 1928, at the Post Office at New York, N. Y., under the Act of August 
24, 1912. Annual subscription United States and Canada $6.50 All other countries $7.50. Single copies, 7 5¢ 
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Early Recognition of Peripheral Vascular 
Disease is Frequently Limb Saving 


U.M.A. THERMOCOUPLE 


An accurate, rapid, direct reading instrument for 
taking surface and intramuscular temperatures 


is now available on an 
inexpensive rental plan 


$6.00 per month—Keep it or return it whenever you please. 
Rent it for 24 months and it belongs to you. 
No interest, service charge or red tape. 


Order it and we will deliver or ship it immediately to any part of the 
United States. 


Most sensitive instrument for the pur- 
pose. Simple to use—Direct readings. 
No calculations. 


Also valuable to accurately and rapidly 
determine the efficacy of vasodilating 
drugs. 


56 COOPER SQUARE 


U M A New York 3, N. Y. 
INCORPORATED 


Algonquin 4-0924 
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A NEW VALUABLE AID IN TEACHING CARDIOLOGY 


This new instrument is indispensable to the 
modern teaching of electrocardiography and 
auscultation in groups. It may also be used 
with suitable accessories to demonstrate other 
cardiac phenomena such as electrokymograms, 
ballistocardiograms, direct blood pressure 
changes and vectorcardiograms. 


When used with a patient, the electrocar- 
diogram may be shown continuously on the 
Cardioscope screen while the related heart 
sounds are being simultaneously heard by 
means of individual stethophones as _ illus- 
trated. Meanwhile the lecturer may interject 
explanatory comments into the listening cir- 
cuit. A magnetic tape recorder and repro- 
ducer, to record heart sounds or murmurs may 
be supplied as an integral part of the instru- 
ment, or as a separate unit. With this adjunct, 
a library of interesting cases can be accumu- 


CAMBRIDGE MAKES THE STANDARD STRING GALVANOMETER ELEC- 
TROCARDIOGRAPHS IN PORTABLE, MOBILE AND RESEARCH MODELS, 
THE “SIMPLI-SCRIBE” DIRECT WRITER, OPERATING ROOM CARDIO. 
SCOPE, ELECTROKYMOGRAPHS, PLETHYSMOGRAPHS, AMPLIFYING 
STETHOSCOPE, RESEARCH pH METERS, BLOOD PRESSURE RECORDERS 
AND INSTRUMENTS FOR MEASURING RADIOACTIVITY. 


lated for future demonstration, independent 
of the availability of patients. 

The Cambridge Educational Cardioscope 
consists of (a) an amplifying stethoscope unit 
with multiple stethophones (b) an electrocar- 
diograph amplifier with multiple-lead selector 
switches and (c) an 18-inch cathode-ray tube 
having a long persistence screen (d) a magnetic 
tape recorder which is optional. 

The entire equipment is mounted on a floor 
stand which is provided with convenient han- 
dles and casters so that it may readily be 
moved from one location to another. 


Write for detailed information 
CAMBRIDGE INSTRUMENT CO., Inc. 
3744 Grand Central Terminal, New York 17, N. Y. 

Chicago 12, 2400 West Madison Street 

Philadelphia 4, 135 South 36th Street 
Cleveland 15, 1720 Euclid Avenve 


PIONEER MANUFACTURERS OF THE ELECTROCARDIOGRAPH 


CAMBRIDGE 


ELECTROCARDIOGRAPHS 


CAMBRIDGE EDUCATIONAL 
ELECTRONIC CARDIOSCOPE 
fs / \ 


SLEEPYHEAD 
TONIGHT... 


CLEAR HEAD 
TOMORROW 


ETHOBRAL—the NEW, triple 
barbiturate— promotes nightlong 
sleep... with fast, clear-headed 
awakening. More than 90 per cent 
of patients in one study! had no 
morning after-effects... no 
lassitude . . . no depression. Sleep 
is induced .. . sustained . . . then 


the effects dissipate rapidly. 


ErHoBRAL combines secobarbital, 
butabarbital, phenobarbital in 
judicious balance. Contains just 
enough of each component to 
foster effective sleep... without 
burdening the patient on 
awakening. One capsule is 


usually adequate. 


1. DeShong, to be published 


Each Ernoprat capsule contains: 
Sodium Secobarbital 50 mg. (*4 gr.) 
Sodium Butabarbital 30 mg. (‘9 gr.) 
Phenobarbital 50 mg. (*4 gr.) 
Supplied: Bottles of 100 and 500 
capsules 


NEW! 


ETHOBRAL’ 


Triple - Barbiturate Capsules 


Wijett 


Philadelphia 2, Pa. 
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WHICH WOULD YOUR PATIENTS PREFER? 


ONE-HALF GRAM ENTERIC-COATED 
AMMONIUM CHLORIDE TABLETS 


only 
AMCHRLOR 


ONE GRAM ENTERIC-COATED 
AMMONIUM CHLORIDE TABLETS (Brewer) 


*Easy-to-swallow” AMCHLOR is processed in such a manner that 
each enteric-coated tablet contains 1 Gram of ammonium chloride 
and yet is not much larger than the 7% gr. enteric-coated tablet. 
Thus the same dose can be given with only one-half the number 
of tablets. 

FROM COAST TO COAST both physicians and patients are show- 
ing a decided preference for AMCHLOR. 


The next time you prescribe ammonium chloride 
specify— 


AMCHLOR 


THE ONE GRAM enteric-coated tablet 
of ammonium chloride —_ 


for your potients’ co 
for samples just send your blank marked — 20AM2 


BREWER & COMPANY, INC. worcester 8, MASSACHUSETTS USA. 
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UTAZOLIDIN 


(brand of phenylbutazone) 


BuTAZOLipIN relieves pain and improves function in the great majority 
of arthritic patients. its broad therapeutic spectrum makes it valuable 
in virtually all the more serious forms of arthritis. Like other powerful 
antiarthritic agents, BUTAZOLIDIN should be prescribed according to 
a controlled regimen, based on careful selection of cases, judicious 
manipulation of dosage, and regular observation of the patient. To 
obtain optimal therapeutic results with minimal incidence of side re- 


actions, physicians are urged to send for the brochure “Essential Clini- 
cal Data on Butazolidin.” 


BuTAzouipin® (brand of phenylbutazone) tablets of 100 mg. 


(1) Burns, J. J., and others: J. Pharmacol. & Ex- matic Diseases 3:23, 1952. (12) Kusell, W. C.; 


per. Therap. 106.375, 1952. (2) Byron, C. S., and 
Orenstein, H. B.: New York State J. Med. 53 676 
(Mar. 15) 1953. (3) Cyrrie, J. PB: Lancet 2:15 
(July 5) 1952. (4) Davies, H. R.; Barter, R. W; 
Gee, A., and Hireon, C.; Brit, M. J. 21592 
(Dec. 27) 1952. (5) Delfel, N. E., and Grifin, 
A. C.: Stanford M. Bull. 2:65, 1955. (6) Domenjor, 
R.: Federation Proc. // 339, 1952. (7) Domenjor, 
Internat. Ree. Med. 165 467, 1952. (8) Gold. 
fein, E.: J. Oklahoma M. A. 46:27, 1953. (9) Gat- 
man, A. B., and Yi, TE: Am. J, Med. 13 :744, 1952. 
(10) Kusell, W C.: Annual Review of Medicine, 
Stanford, Annual Reviews, 2 :367, 1951. (11) Kuzell, 
W C., and Schaflarzick, R. W: Ball, on Rheu- 


Schaflarzick, R. W.; Brown, B., and Mankle, E. 
1.A.M.A, 149:729 (June 21) 1952. (13) Kasell, 
W C., and Schaflarsich, R. California Med. 

, 1952. (14) Patterson, R. M.; Benson, 
J. B, and Schoenberg, PB L.; U. 5. Armed Forces 
M. J, €:109, 1953. (15) Rowe, A., 
RK. W; Mechanick, C., and Rowe, A. H.: Am, 
Pract. & Digest Trest., in press. (16) Smith, 
C. H., and Kana, H. G.: J. M. Soc, New Jersey 
#9 306, 1952. (17) Steinbrocker, O., and others; 
J.A.M.A. 1501087 (Nov. 15) 1952, (18) Stephens, 
Cc. A. L., and others: LAMA, 1501086 
(Nov. 15) 1952. (19) Wilkinson, E. L., and 
Brown, H.; Am. J. M. Se, 225:153, 1953. 


GEIGY PHARMACEUTICALS 

Elly Division of Geigy Chemical Corporation 
220 Church Street, New York 13, N.Y. 
In Canada: Geigy (Canada) Limited, Montreal 
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DESITIN OINTMENT achieved “signifi- 
cant amelioration” or practically 
normal skin in 96%% of infants 
and children suffering intense 
edema, excoriation, blistering, 
maceration, fissuring, ete. of con- 
tact dermatitis. This and other re- 
cent studies recommend Desitin 
Ointment as “safe, harmless, sooth- 
ing, relatively antibacterial”. ... 
protective, drying and healing.’ 


samples and reprint’ available from 


DESITIN CHEMICAL COMPANY 


70 Ship Street e Providence 2, R. |. 


new 3 year study’ shows 


“beneficial effect” of 


DESITIN 


OINTMENT 


the pioneer external cod liver oil therapy 


in extensive dermatitis, diaper 


rash, severe intertrigo, 
chafing, irritation (due to 
diarrhea, urine, soaked diapers, etc.) 


Desitin Ointment is a 
non-irritant, non-sensitizing 
blend of high grade, crude 
Norwegian cod liver oil (with 
its high potency vitamins A and 
D, to benefit local metabolism,! 
and unsaturated fatty acids in 
proper ratio for maximum 
efficacy), zinc oxide, talcum, 
petrolatum, and lanolin. Does 
not liquefy at body temperature 
and is not decomposed or 
washed away by secretions, 
exudate, urine or excrements. 
Dressings easily applied and 
painlessly removed. Tubes of 
1 02., 2 oz., 4 02z.; 1 Ib. jars. 


G., Heimer, C. B., and Grayzel, R. W.: New 


H. G., and Kramer, B.: Archives 


8. 

of Of Pediatrics és 

. Behrman, H. T., Combe Bobroff, A., and Leviticus, 
R.: ind. Med. Surgorsy. 1949 


. Turetl, R.: New York St. M. 50:2282, 1950. 
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concentrated 
blood - building power 
in the anemias 


( Hematinic Concentrate with intrinsic Factor, Lilly) 
new potency... 
new economy... 


new convenient dosage 


Special Liver-Stomach Concentrate, Lilly 
(Containing Intrinsic Factor) 


Vitamin By (Activity Equivalent) 
Ferrous Sulfate, Anhydrous 
Ascorbic Acid (Vitamin C) 

Folic Acid 


TWO PULVULES A DAY FOR AVERAGE CASE 
OF PERNICIOUS OR NUTRITIONAL ANEMIA 


In convenient bottles of 60 (thirty days’ supply) 
and 500. 


Ett titty AND COMPANY, INDIANAPOLIS 6, INDIANA, 


FORMULA: 
....300 mg. 
DOSAGE: 
A. 
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IRON METABOLISM * 


S. Granick, Px.D. 


Associate Member of the Rockefeller Institute for Medical Research, New York 


@sesesesesese®n this review the properties and functions of various kinds 
of iron compounds will first be considered. Then the 
I general metabolism of iron will be reviewed. Lastly, 
a syndrome of abnormal iron metabolism, hemochroma- 

esesesesesesa tosis, will be discussed. Here it is not possible to con- 
sider all of the recent data on iron metabolism. In the bibliography 
some reviews have been cited along with some recent papers. It is 
hoped that such a bibliography may prove useful to those who wish 
to examine original data. 


In the adult man there are contained some 3 to 5 grams of iron. 
Very little of this iron is present as free ferric or ferrous ions. Indeed, 
practically all of the iron of the body is found to be present in some 
complex forms bound to several kinds of protein molecules, One may 
classify these iron-containing protein molecules into two general groups: 
1) the proteins that contain iron as part of a heme or porphyrin unit, 
and 2) proteins that contain iron which is not chelated (i.¢., linked 
or bound or complexed) in a porphyrin ring (Table 1). 


. ‘Presented at the 26th Graduate Fortnight of The New York Academy of Medicine, Oct. 19, 1953 
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Taste Composrrion or ComMPpoUNDS IN THE 
Human (70-kILo MAN) 


Compounds gm Feingm %of Total Fe 


Iron porphyrin (heme) compounds: 
Blood hemoglobin 3.0 60-70 
Muscle hemoglobin (myoglobin) O13 3-5 
Heme enzymes: 
cytochrome ¢ 0.004 01 
catalase 0.004 Ol 
cytochrome a, b - 
peroxidase 
Non-iron porphyrin compounds: 


Transferrin (siderophilin) 0.004 
Ferritin 0408 
Hemosiderin 

Total available iron stores - 1.21.5 


Total 15 


I. Properties AND FUNCTIONS OF THE [RON ComMPOUNDS 


1. The lron Porphyrin or Heme Proteins: These molecules contain 
iron porphyrin units attached to the proteins. The proteins include the 
hemoglobins, the cytochromes, peroxidase and catalase. As an example 
of an iron porphyrin protein one may consider horse hemoglobin, one 
of the best studied molecules of this type (Fig. 1). The protein mole- 
cule, globin, looks something like a loaf of bread.* Attached at the front 
end are two flat iron porphyrin units; similarly, there are two iron 
porphyrin units at the back end of the globin. It is the iron porphyrin 
units which impart the red color to the molecule. In the case of hemo- 
globin which transports Os, the Oz is transported by first being attached 
to an iron atom of an iron porphyrin unit on the globin. 

The iron porphyrin or heme proteins function together to bring 
about oxidation with oxygen." This oxidation or burning which occurs 
in a cell is a complicated process and requires the interplay of the vari- 
ous iron porphyrin proteins. As an illustration of this interplay between 
these various proteins in cellular oxidation, one may review the events 
that occur in a mitochondrion of a muscle cell. The mitochondrion 
may be considered as a tiny cellular furnace in which organic mole- 


0.1 
15 
100 


lron Metabolism 


Fig. 1. Horse hemoglobin, 1953 model. 


cules of a certain kind are “burned.” The organic molecules which 
are burned consist of a series of compounds belonging to the citric 
acid cycle. In order for an organic molecule to be burned it must be 
prepared for burning by being chopped up into fragments of 2 and 3 
carbon atom lengths which are then made into the proper fuel bricks, 
that is, converted to organic molecules of the citric acid cycle. 

The organic molecules of the citric acid cycle are burned by the 
removal of electrons and H atoms from these molecules. The elec- 
trons (¢) pass down an assembly line of iron porphyrin proteins, called 
cytochromes (Fig. 2); eventually the electrons are combined with 
activated Oz molecules to form water, This complicated burning pro- 
cess serves to release energy from organic molecules, energy that can 
be used to make high energy phosphate molecules (~PO,) such as ade- 
nosine triphosphate that brings about muscle contraction, or used for 
the synthesis of more complex molecules like proteins, etc. 

To be more specific let us very briefly consider the events in a 
mitochondrion when succinic acid, one of the molecules of the citric 
acid cycle, is oxidized indirectly with oxygen (Fig. 2). Oxygen in the 
lungs is taken up by the iron porphyrin protein, hemoglobin, of the 
circulating erythrocytes. The O: is transported thence to the tissues, 
say to the heart muscle. There the O: diffuses into a muscle cell and 
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Mitochondrion 


“PO, 


‘ 0.--- 
Muscle 


plasma 
in RBC. 
O, in lungs 


Fig. 2. Cooperation of various heme proteins in 
the oxidation of succinic acid with oxygen. 


combines temporarily with another iron porphyrin protein, muscle 
hemoglobin. Then the Oz passes on to combine with still another iron 
porphyrin protein, cytochrome oxidase (or cytochrome 4s); cyto- 
chrome oxidase is a catalyst which activates Oz to take up electrons 
avidly. At the same time that Oz is moving from the lungs towards 
cytochrome oxidase in the mitochondrion, electrons are being released 
from succinic acid molecules of the citric acid cycle. These electrons 
pass down through a series of cytochromes as cytochromes b, c, a and 
finally to as, where the electrons combine with the activated O, mole- 
cules eventually to form water. Perhaps H:Os: is produced as an in- 
termediate in the oxidation and the H:O: may be acted upon by an- 
other iron porphyrin protein, peroxidase, to become a strong oxidant; 
or toxic accumulations of HsO2 might be destroyed by another iron 
porphyrin, catalase. 

Thus within the cells the immediate oxidation with oxygen is 
brought about by the iron porphyrin protein, cytochrome oxidase, 
with the cooperation of the other cytochromes. Yet these catalysts 
are present in minute amounts in cells and the iron contained in these 
catalysts is so small that it is difficult even to obtain an estimate of 
their concentrations. 
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In order to function, these catalysts must have oxygen. The oxygen 
is transported by erythrocyte hemoglobin, it diffuses to muscle hemo- 
globin and thence to cytochrome oxidase. It is necessary to have a 
large amount of hemoglobin to transport enough O: rapidly to these 
cell catalysts. The hemoglobins are iron porphyrin proteins, and the 
iron in these hemoglobins constitutes some 65-75 per cent of the total 
iron of the body. Thus, the largest amount of iron in the body, which 
is in the form of hemoglobin, is required in order to transport Oz from 
the lungs to the traces of iron present as part of the vital cytochrome 
oxidase enzymes in the mitochondria of the cells. 

2. Non-Heme lron Compounds: These compounds include trans- 
ferrin, ferritin and hemosiderin. Undoubtedly other iron-containing 
compounds exist including loose organic chelate complexes but little 
is known about them.” 

a) Transferrin (siderophilin), the protein which serves to trans- 
port iron in the blood stream, is present there to the extent of some 
10 grams." * The protein has a molecular weight of 88,000 and can 
combine with a maximum of two ferric atoms per molecule. The pro- 
tein in the serum of a normal individual carries only about one-third 
of the iron that it is capable of carrying when saturated with iron. 
The iron attached to this protein in the serum amounts to about 4 mg. 
or about 120~g per cent (Table IL); to saturate this protein it would 
be necessary to inject parenterally about 8 mg. of iron, All of the iron 
of serum appears to be attached to transferrin. Therefore the serum 
iron signifies transferrin chelated with iron, i.e., Fe-transferrin, Trans- 
ferrin not chelated with iron represents the “unsaturated or latent 
iron binding capacity.” The “total iron binding capacity” is the iron 
of Fe-transferrin plus the iron that can saturate the transferrin. lonized 
iron salts that are injected parenterally in amounts which exceed the 
iron required to saturate the transferrin give rise to toxic reactions 
such as nausea, etc. Transferrin in excess of that which is chelated with 
iron would appear to serve nicely as a safety device within limits to 
bind extra iron that might suddenly be put out by the tissues into the 
blood stream. 

Transferrin devoid of iron is a colorless protein; however, when 
ferrous or ferric ions are added to this protein at body pH, in the 
presence of CO:, a salmon-pink colored ferric-chelate is formed, i.e. 


Fe-transferrin. The binding between the iron and the protein is tight at 


ay 
th 
ae 


Surpurq vost payeseqy = 


yay 


aynoy 


paonpur yyeqog 
paonpul surzeapAy [Auayd 


AIDA MOT sulxop Ag 


fep/su (ost-og) Sep aad 


jo mqopbousy sad On uw ‘29 40d 
uvds ajv'] 94098 ui menses 


| | 
| 
| 
| 
| | 
| | 
| 
= 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| =: | 


lron Metabolism 


Fig, 3. Electron microscope — of ferritin molecules prepared by J. L. Farrant 
showing the four dense clusters which represent the iron hydroxide micelles,” 


pH7, the affinity constant K=107= (Fe). 
Advantage is taken of this high affinity to determine the amount of 
transferrin that is not chelated with iron, i.e., to determine the latent 
iron binding capacity. Experimentally, ferrous ions (which rapidly 
oxidize in the presence of O: to the ferric state) are added dropwise 
to the serum until the salmon-pink color formed in the serum no 
longer increases in intensity, i.e., until the transferrin is saturated with 
iron. The iron can be removed from Fe-transferrin by lowering the 
acidity to pH 4-6, or by reducing agents at neutral pH. 

b) Ferritin is a brown iron-containing protein, which is found in a 
high concentration especially in the liver and spleen.*:* This protein 
may be crystallized readily by means of cadmium sulfate. In the 
crystallized state it may contain iron up to 23 per cent of its dry 
weight. The protein, devoid of iron, is designated as apoferritin; it 


* We desire gratefully to acknowledge the permission of Dr. Farrant to reprint the electron micro- 
scope picture of ferritin. 
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is colorless and has a molecular weight of 460,000. The iron of ferri- 
tin is in the form of ferric hydroxide micelles or clusters, with an 
average composition | (Fe OOH)s.FeOPO;H,}. Recent electron micro- 
scopic studies by Farrant® indicate that the iron hydroxide clusters are 
present in four discrete areas of the protein (Fig. 3). The iron of 
ferritin may be removed from the protein by reducing agents such as 
sodium dithionite; it is probable that in vivo a reducing enzyme of 
tissues may also function to remove iron from ferritin but this subject 
has not been investigated. 

Ferritin may be considered to have three physiological functions. 
Its primary and clearly established function is that of a normal iron 
storage protein of the body. In man, the liver is the main storage organ 
for iron in the form of ferritin, but ferritin is also present in the spleen 
and bone marrow and in lesser amounts in many other tissues. It is 
likely that ferritin represents most of the available iron stores in man. 
‘The available iron stores have recently been estimated by Haskins et al.’ 
to be about 1.2-1.5 gm. Fe, on the basis of phlebotomies to the point of 
retarded hematopoiesis. Many tissues actively respond to the presence 
of iron by making ferritin. When a tissue like heart muscle, which 
normally contains little or no ferritin, becomes loaded with iron as 
in hemochromatosis, a relatively high content of ferritin will be 
found there. 

Ferritin appears also to function in some way that is not clear in 
the regulation of iron movement at the three body barriers—the in- 
testinal mucosa, kidney tubules and the placenta. 

Ferritin has also been implicated in the phenomena of irreversible 
shock, hypertension and antidiuresis according’ to the studies from 
Shorr’s laboratory.* 

c) Hemosiderin is a granular substance, large enough to be micro- 
scopically visible, which takes an iron stain. The hemosiderin granules 
separated from horse spleen may contain as much as 35 per cent of 
iron by dry weight. The form of the iron in this substance seems 
to be similar to that of ferritin-iron. The structure of hemosiderin 
may perhaps become clear by studies with the electron microscope. 


Hemosiderin is generally found in a tissue that is high in ferritin. It 


seems likely that hemosiderin is formed when the rate of iron deposi- 
tion or the quantity of iron deposited is too great to be handled by 
the ferritin mechanism. Hemosiderin iron can become available for 
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blood formation but it appears to be less readily mobilized than is 
ferritin-iron. 

Having surveyed the various iron compounds of the body and 
their function, let us summarize their approximate content (Table 1). 
A 7o0-kilo man contains about 4 to 5 gm. of iron. Hemoglobin of the 
red cells and muscles constitutes the greatest portion, some 65 to 75 
per cent of the total body iron, and the storage iron ferritin consti- 
tutes the next greatest portion, some 15 per cent. Together, the Or- 
carrying proteins and the iron storage protein make up 85 to go per cent 
of the total. The other known constituents make up less than one per 
cent of the total body iron. There still remains to be accounted for 
about 10 to 15 per cent of the total body iron which may in part 
represent unknown constituents and errors in estimations, Dreyfus, 
Schapira and Leau'’ have reported two non-heme iron fractions in 
striated muscles; on the basis of their figures one of their iron frac- 
tions, extractable by pyrophosphate, might represent 30 to go per cent 
of the total non-heme iron, Assuming non-heme iron levels for muscle 
to be the same in man as in cattle, then for man the total skeletal 
muscle would contain about 50 mg. and the heart about 12 mg. of 
non-heme iron. Whether this represents ferritin or not is unknown. 

3. Some Properties of Inorganic Iron: Let us briefly summarize 
several properties of inorganic iron which are of importance in con- 
siderations of iron metabolism. Iron exists in the body in two states of 
oxidation, namely ferrous and ferric. The maximum solubility of 


ferrous iron at body pH is only about five parts of ferrous iron per 
million parts of water, Although this is indeed a small amount of iron, 
yet it is significant. On the other hand, the solubility of ferric ions 
is extremely low because of the great tendency at body pH to form 
highly insoluble ferric hydroxide. Another property of iron that is 
important for the present considerations is the rapid oxidizability at 


body pH of ferrous iron to ferric iron by oxygen. In acid solutions 
the rate of this autoxidization is much less than in the more alkaline 
range. 


Il. MecHantsMs or [RON 


The amount of iron that ts required by the vertebrate to make 
hemoglobin is several hundred to a thousand times more iron than is 
required for making all of the cytochrome and other heme enzymes 
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combined. To take care of these requirements for this biologically 
huge amount of iron, a number of mechanisms and compounds were 
developed in the vertebrate for the absorption, regulation, transport 
and storage of iron, 

1. Iron Absorption: Several facts have been demonstrated by recent 
work in regard to the mechanism of iron absorption. Iron if it is to be 
absorbed must be present as ferrous ions. Iron absorption may take 
place all along the gastrointestinal tract but primarily the region of 
most active absorption is in the duodenal region just below the pyloric 
sphincter, Iron once absorbed does not leave the body. A regulatory 
mechanism exists for controlling the amount of iron to be absorbed. 

Practically all of the iron which is in our food is in the ferric state, 
much of it as ferric hydroxide and as iron loosely bound to organic 
molecules, i.¢., as ferric-organic chelates of the type of ferric iron with 
citrate, lactate, amino acids, etc. The iron of iron porphyrins, such as 


the iron porphyrin of hemoglobin, is not available since iron por- 
phyrins cannot be split in the gut to release the iron, (However, it 
should be noted that in the body iron porphyrins are split, the iron 
being carefully conserved and reutilized, whereas the porphyrin part 


is converted to bile pigments which are excreted.) 

Acids, like the HCI of the stomach, and organic acids like citrate, 
tartrate, lactate, etc., serve to break down ferric hydroxide and other 
iron compounds of the food to ferric ions or to loose ferric chelates." 
The ferric ions and loose ferric chelates can then be more readily 
reduced to ferrous ions by reducing agents of the food, such as as- 
corbic acid, reductones, SH compounds like cysteine, etc. Within 
recent years there has been much discussion as to whether the HCl 
of the stomach plays any role in the absorption of iron, since a large 
number of individuals who have achlorhydria do not become deficient 
in iron, Consideration should, however, be given to the following 
facts: Achlorhydria is found in adults, but very rarely in growing 
children where the demand for iron is relatively high. Of the 20 mg. 
of iron ingested in the food per day in a normal diet only a small frac- 
tion, perhaps 2 mg. or less, is absorbed and this amount of iron might 
be absorbed without the aid of HCl. Organic acids in foods, such 
as in citrus fruits, or the acetic in salads and wines, or the lactic acid 
in fermented milk products, may in part replace the action of HCl 
and aid in bringing about the daily absorption of the 2 mg. of iron. 
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Thus, under an adequate diet and with only a minimal iron require- 
ment, adults may not need HCl, However, where the requirement 
for iron becomes relatively high the presence of HCl may prove to be 
important in making more iron of the diet available for absorption 
especially if the diet lacks organic acids. 

2. Iron Regulation: The regulating mechanism for iron is at the 
port of entry, that is, in the mucosal cells of the gastrointestinal tract. 
In general iron, once it is absorbed, does not leave the body. Small 
amounts of iron, less than 1 mg. per day, may be lost by sloughing of 
the intestinal tract and skin, by the growth of hair, and via the bile. 
Recent evidence suggests that in small animals like the rat, more iron 
may be lost than had hitherto been suspected.'* When hemoglobin 
and other heme proteins are broken down in tissues, a mechanism ex- 
ists for splitting open the porphyrin ring. The bile pigment formed 
from the porphyrin is excreted via the bile as bilirubin, but the iron is 
retained and used over and over again, 

Since iron, once absorbed, cannot leave the body, a mechanism for 
iron regulation must exist to prevent excessive amounts of iron from 
being absorbed over the years, but at the same time to permit adequate 
amounts of iron to be absorbed. The controlling device appears to 
reside in the mucosal cells of the gastrointestinal tract. The evidence 
indicates that the mucosal cells normally permit a small, relatively 
constant amount of iron to be absorbed daily, in general sufficient for 
normal body needs. Yet in cases of hemorrhage or pregnancy where 
demands for iron become great, the mucosal cells permit more iron to 
be absorbed than normally. In the anemia of iron deficiency two to 
ten times more iron may be absorbed than in the normal.’ Indeed, 
in a number of the anemias including pernicious anemia‘ and refrac- 
tory hypoplastic anemia,'* etc. (Table II), the limited data indicate 
that the amount of iron absorbed is greater than normal.'’” However, 
there is no evidence for the utilization of the iron in the correction of 
these anemias except in the case of anemia of iron deficiency. Whether 
the heightened iron absorption is due to a diminution in the Oz getting 
to the mucosal cells, or due to a more indirect effect of lessened O: 
tension on a hormonal mechanism that influences iron absorption in 
the mucosal cells, can only be conjectured at the present time. 

Of the events occurring in iron absorption via the mucosal cells the 
following are experimentally demonstrable. The iron is absorbed in 
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Average number of ferritin crystals in duodenal region 


Days after the last feeding with ferrous iron 


Fig. 4 ‘The changes in ferritin content of the duodenal 
mucosa of the guinea pig after feeding of a single dose of iron. 


the ferrous form. Feeding of a dose of iron will result several hours 
later, in a condition, the “mucosal block” of Hahn, which will prevent 
newly fed iron from being absorbed for some twelve to twenty-four 
hours." The presence of iron in the mucosal cells stimulates these 
cells to produce within a few hours, a specific protein, apoferritin, to 
which the iron may become attached to form ferritin.’ The rate of 
ferritin synthesis is rapid."* For example, one may follow the changes 
in ferritin content of the intestinal mucosa by feeding a single dose of 
iron to a guinea pig (Fig. 4). Within several hours after feeding iron 
there was already a definite increase in ferritin which attained a maxi- 
mum some seven hours after the feeding and began to decrease in 
twenty-four hours. The time sequence of increase and decrease of fer- 
ritin seems in general to parallel the time sequence of the appearance 
and disappearance of the mucosal block. 

3. ron Transport: At any one time the total serum iron of normal 
man is about 4 mg. In a day 27 mg. of iron leave the blood stream; 
about three fourths of this iron or 20 mg. are taken up by the marrow 
to be used for daily hemoglobin synthesis, the excess being stored 
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primarily in the liver. The marrow ts highly active in removing serum 
iron from the blood. Theoretical calcutations by Laurell* suggest that 
during increased hemopoietic activity more than 10 per cent of the 
total amount of the plasma iron passing through the bone marrow is 
retained. Iron in transport as Fe-transferrin is more readily available for 
hemoglobin synthesis than is the ferritin-iron of the liver.’ 

Of the 27 mg. of iron entering the blood stream per day some 20 mg. 
are derived more or less directly from the catabolism of the red cells 
and the remainder is derived primarily from storage iron with a few 
per cent coming from ingested iron, This means that the iron released 
from catabolized red cells is rapidly reutilized as is also the iron en- 
tering the blood stream from the mucosal cells, but the iron in the iron 
stores is turned over relatively slowly. Thus the main cycle of iron 
turnover is from the serum to the newly formed red cells, and from 
the old catabolized red cells back to the serum. 

It is not known in what form iron moves from the blood stream 
into and out of cells, One hypothesis assumes that tissue cells are some- 
what permeable to the Fe-transferrin and transferrin molecules; in the 


cells the iron of Fe-transferrin is released by reducing mechanisms 


and the free transferrin can then diffuse out of the cells. The other 
hypothesis is that Fe-transferrin migrates into the tissue spaces where, 
at cell surfaces, some mechanism, reducing or otherwise, transports the 
iron into the cells. 

It is probable that the concentration of Fe-transferrin and of trans- 
ferrin in the blood stream does not influence the uptake or removal of 
iron by the various tissues, Rather, the uptake or removal of iron 
from the blood stream appears to depend on the metabolism of the 
particular tissue that is considered. For example, it has been shown 
that the rate of movement of iron from the mucosal cells into the 
blood stream is independent of the extent to which transferrin is 
saturated with iron, and is also independent of the total concentration 
of transferrin or Fe-transferrin. One factor which is correlated with 
an increase in the movement of iron out of the mucosal cells into the 
blood stream is the Oz tension. In general, in anemias (Table II) the 
rate of iron movement from the mucosal cells is increased 2-10 fold 
over that of the normal. Whether this is a direct or indirect effect of O» 
tension is unknown. It may be of interest to determine whether tissues 
which store iron liberate their iron more readily under conditions of 
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decreased Oz tension and less readily under conditions of heightened 
O: tension.'* The high serum iron in a number of anemias may not 
only be due to the inability of the marrow to use the iron but also 
may be due to the heightened tendency of the tissues to secrete more 
iron into the blood stream. 

Recent studies from Wintrobe’s laboratory’’ '® have suggested that 
regulation of the level of serum iron might be influenced, in part, 
by the action of adrenal cortical hormones on the reticulo-endothelial 
system. When sterile turpentine abscesses were produced in rabbits to 
simulate conditions of acute infection it was observed that iron absorp- 
tion was depressed, and the serum iron was lowered within about eight 
hours. However rabbits, with adrenals removed and treated similarly, 
showed only a mild depression of the serum iron level. In the anemia 
produced by turpentine in normal rabbits, the feeding of cobalt salts 
overcame the anemia although the serum iron level remained low. By 
the simultaneous feeding of iron and cobalt, the rate of iron absorption 
and the serum iron level were restored.” The effect of cobalt on the 
stimulation of the marrow erythropoiesis has been suggested by Orten 
and Bucciero*' to be due to an anoxia induced by a poisoning effect of 
cobalt on SH type respiratory catalysts. Garcia et al.” have observed 
that in rats the anemia resulting from hypophysectomy is also repaired 
by cobalt. Palmer® has found that estrone preparations injected into 
rabbits of both sexes result in a rapid decrease of serum iron, whereas 
testosterone and progesterone are without effect. 

The level of serum iron in the blood stream represents a dynamic 
equilibrium among a number of processes including the rate of hemo- 
globin breakdown and release of iron, the rate of uptake of iron by 
the marrow for hemoglobin synthesis, the rate of removal and deposi- 
tion of storage iron in the tissues, the rate of iron absorption from the 
intestinal mucosa, and the rate of formation and decomposition of 
transferrin itself. The level of serum iron and the degree to which 
transferrin is saturated with iron is considered to be a sensitive and 
reliable indication of iron deficiency or iron excess. 

A great number of studies have recently appeared on the concen- 
tration of transferrin and Fe-transferrin (serum iron) in connection 
with various physiological states.* * ** ** Table II summarizes some 
of these relationships. In general it is found that transferrin tends to 
become saturated with iron in those diseased states in which iron is 
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high in the body (hemochromatosis, transfusion hemosiderosis) or 
where the erythrocyte tends to be fragile or hemolyzed (Mediterra- 
nean anemia, hemolytic disease), or where the marrow appears to 
demand iron but cannot use it readily (pernicious anemia, pyridoxine 
deficiency) or when the liver is damaged so it cannot store excess iron 
(cirrhosis, acute hepatitis). On the other hand, transferrin is found to 
be considerably unsaturated with respect to iron when the bone mar- 
row 1s highly active (acute hemorrhage) or when iron is low in the 
body (iron deficiency anemia). Transferrin is also low in iron in condi- 
tions such as acute or chronic infections and in copper deficiency; in 
these latter cases the iron appears to be removed from the blood at an 
abnormally high rate by the reticulo-endothelial system and not used 
by the marrow. 

The rate of disappearance of radioactive serum iron (Fe*) from 
the blood stream in relation to various: physiological states has also 
been studied recently. The Fe* decreases exponentially.*°** Most of 
the iron goes to the marrow, a little of it being absorbed by the liver 
and then returning to the marrow. In the normal individual the time 
for half of the labelled iron to disappear from the blood stream is 
about 100 min. (i.e. TY, = 100 min.). If the body has normal iron stores 
then the value of T 1/2 is a sensitive measure of the integrity of the 
erythropoietic tissue. For example, when the bone marrow is inactive, 
as in aplastic anemia, T 4,250 min., indicating that the rate of re- 
moval of labelled iron from the serum is markedly prolonged because 
the bone marrow is not removing the iron. In cases of polycythemia 
vera and hemolytic anemia where the bone marrow is hyperactive, 
T Y= 11-30 min. The stimulus of lowered O, tension activates ery- 
thropoiesis in the marrow and the rate of iron uptake is increased. 
Similarly, when the O, tension is increased by the inhalation of 50 per 
cent QO, erythropoiesis has been found to be depressed and the rate of 
movement of serum iron out of the blood stream is likewise depressed.’ 
In hemosiderosis, where all tissues including the marrow have a large 
amount of iron the removal of serum iron from the blood is pro- 
longed.** 

4. lron Storage: Iron is stored in the tissues in the form of ferritin. 
Most tissues appear to have the ability to store iron in this form. The 
liver, spleen and bone marrow contain the highest concentrations of this 
storage iron compound. In case of a hemorrhage in the normal adult, 
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there is enough ferritin-iron to supply the iron for the manufacture 
of 1.5 to 2.5 liters of blood. Under normal conditions there is a rela- 
tively slow exchange of iron between the serum and the storage iron. 

When iron is fed, a response to the iron feeding is a marked in- 
crease in ferritin in the gastrointestinal mucosa. The iron brings about 
increase of a specific protein, apoferritin, to which the iron becomes 
attached to form ferritin, Similar responses to iron feeding are found in 
the liver.** Hemoglobin which escapes into the tubular lumina of 
the kidney is broken down and the iron which is released is not ex- 
creted but is converted to ferritin by the kidney.** Ferritin is also 
found in the placenta possibly being derived from the disintegration 
of the red cells in the sinuses and villi of the placenta.*” Perhaps the 
ferritin here serves as a temporary iron reserve and an important early 
source of iron.*' The drain of iron from the maternal stores to the 
fetus is about 350 mg. The average mcastrual loss is 35 cc. of blood 
which is equivalent to 17 mg. of iron. Considering the long time that 
is involved in accumulating iron reserves, and the above losses, it is 
not surprising that the lack of iron is such a common nutritional de- 
ficiency in women. 

5. Turnover Rate of lron in Some lron-Containing Proteins: The 
iron in the heme of hemoglobin of man’s red cells is not interchangeable 
with other iron atoms. The iron is held fast and remains in its chelated 
form until the death of the erythrocyte, a period of about 120 days. 
Then the damaged red cells are phagocytized or the hemoglobin which 
escapes from the damaged red cells is taken up by the liver and 
broken down. The iron which is released when the heme molecule is 
split open is used over and over again, The iron which is part of the 
heme of catalase in the red cell likewise is released only at a ume 
when the red cell breaks down.'* **™ The average life time of the 
catalase molecule in the erythrocyte as well as the average life time 
of the hemoglobin is the average life time of the erythrocyte itself 
which signifies that no active enzymes are present in the erythrocyte 
to decompose these proteins or the hemes they contain. 

The rate of tracer iron incorporation into myoglobin of heart 
muscle and the cytochrome ¢ of skeletal muscle is very low indicating 


that these molecules have a long life time in these tissues.** “* In rapidly 


growing muscle tissue incorporation of tracer iron into newly formed 
heme proteins is rapid, By feeding tracer iron to anemic growing ani- 
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mals cytochrome ¢ with as much as 80 per cent of tracer iron was 
obtained,'* ** 

In liver cells the turnover of catalase-iron is 8 times faster than for 
the catalase-iron of erythrocytes suggesting that the average life time 
of the catalase molecules normally may be around ten to fifteen days.** ** 

Compared with the iron of the above heme proteins, the turnover 
of iron in ferritin of the liver is quite rapid as it is in the ferritin of 
the mucosal cells discussed in a previous section, The injection of iron 
into the rat by Braunsteiner, Gisinger and Pakesch** led to an increase 
in ferritin in the liver within six hours, the ferritin content attaining a 
maximum in twenty-four to ninety-six hours and then decreasing. In 
such rats the induction of turpentine sterile abscesses caused the re- 
tention of ferritin for a longer period. Theorell et al.’ injected tracer 
iron in guinea pigs and found that liver ferritin became maximally 
labelled in two days followed by a drop to a plateau where values re- 
mained for about a week; then followed an asymptotic decline in the 
amount of labelling in ferritin. Not only does the iron of liver ferritin 
turn over rapidly but, as found by the tracer studies of Helwig and 
Greenberg*® with methyl-labelled acetate, the apoferritin (i.e., the 
protein portion of the ferritin) also turns over rapidly. The uptake of C"* 
per gm. of protein was greatest in ferritin, followed by the protein of 
plasma, marrow, hemoglobin, myoglobin and the cytochromes. Fer- 
ritin, as had been suggested previously,” has now been demonstrated 
experimentally to serve in the liver not only as a storage form for iron 
but also as a storage for amino acids in the form of apoferritin. 


Ill. ADMINISTRATION AND REMOVAL OF [RON 


After reviewing some of the general aspects of iron metabolism, a 
few practical applications of the data to the treatment of patients may 
be considered, 


1. Administration of lron: |n cases of anemia it becomes necessary 


to determine whether iron should be administered and how it should be 
administered. Here, only the latter question can be discussed. Assum- 
ing that the anemia is due to a simple iron deficiency several methods 
are available for administering the iron. By mouth, iron has usually 
been fed in doses of 50-100 mg. in the form of soluble ferrous salts. 
It seems likely that if the iron were fed as soluble ferrous salts together 
with ascorbic acid® and acid fruit juices an hour or two before a 
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meal, the iron would have a better chance of being absorbed. Two 
factors limit the uptake of iron from the gastrointestinal tract. One 
factor is the establishment of a mucosal block which, although not 
absolute, tends to limit the iron absorbed; however, the absorption 
will be two to ten times as great in patients with iron-deficiency anemia 
as in normal individuals. The second factor which tends to limit iron 
absorption is the intestinal irritation which is believed to arise when all 
the transferrin in the blood becomes saturated with iron.** It would 
appear, for these reasons, that the feeding of one dose of iron per day 
might accomplish the same results as the feeding of iron several times 
a day. Once the anemia is corrected the stimulus for increased iron 
absorption is no longer present and the iron stores are only slowly re- 
constituted by the oral route.’ Smith, Schulman and Morgenthau** have 
recently discussed the problems of iron administration arising when 
dealing with pre-term infants. 

Intravenous administration of iron is recommended in cases of un- 
complicated iron deficiency anemia that have been unresponsive to 
prolonged periods of iron feeding; or where there is intolerance to 
oral iron, or where an iron deficiency anemia has been discovered so 


late in pregnancy that iron feeding may be inadequate. It is not feasible 
to inject soluble iron salts intravenously, since only about 10 mg. can 
be injected at one time which is about the amount required to saturate 
the transferrin; above this amount toxic reactions occur. Because it is 
often desirable to give the patient a total of some 500 to 1000 mg. of 
iron, the injection of iron salts is not practicable. 


Recently there have become available for intravenous administra- 
tion a number of saccharated ferric oxide preparations. In general these 
represent negatively charged colloidal iron hydroxide units attached 
to sugars. Such preparations have been administered by antecubital vein 
in a dose of 100-200 mg. of iron.’ The iron has been shown to be quan- 
titatively utilized for hemoglobin formation, The colloidal iron is taken 
up by the phagocytes and is liberated slowly to the blood stream and 
to other tissues. Mild toxic reactions have occurred infrequently some 
six hours after administration, possibly indicating that at this time too 
much ionizable iron was entering the blood. Nissim** has studied the 
tissues after administering such iron preparations in rather high doses. 
He has found that the iron-laden phagocytes of the liver may become 
detached from the sinusoidal walls and show a tendency to clumping 
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or giant-cell formation; the epithelial cells of the adrenal cortex show 
a selective uptake of iron in the regions where ascorbic acid is local- 
ized, Another way to supply the iron is of course by transfusion, one 
liter of blood being equivalent to about 400 mg. Fe. 

2. Excessive Amounts of lron and Their Removal: We have just 
considered what to do if a patient lacks iron. The physician is also 
faced with the opposite problem in patients who have excessive amounts 
of iron in their bodies. Let us briefly summarize the causes for the ac- 
cumulation of the excessive amounts of iron. 

a) In hemochromatosis, a metabolic disease especially of the male, 
with inherited tendencies,** * large amounts of iron (upwards of 
50 gm.) accumulate and there is an accompanying cirrhosis of the liver 
with progressive involvement of the pancreas and other organs. In 
contradistinction to hemochromatosis the term bemosiderosis is used 
to indicate that a particular tissue or the whole body contains an 
abnormally high amount of iron but without the implication of altered 
function or morphology.*t The excessive accumulation of iron in 
hemosiderosis is probably due to a defect in the mucosal cells of the 
intestinal tract which lead them to absorb more than the usual amount 
of iron. This absorption may be only somewhat greater than normal, 
but over a period of many years the iron accumulates in the body. 

A number of diagnostic signs have been proposed for the recogni- 
tion of hemochromatosis.“* Most of the patients show a moderate to 
marked sparsity of body and facial hair all their lives. There is a slaty 
pigmentation of the skin especially on the forearms due to the presence 
of increased amounts of melanin in the basal layers seen through a 
greatly reduced number of superficial epidermal cells. The liver is en- 
larged. Because of the increased density of the liver due to the presence 
of the iron, the liver edge just beneath the right diaphragm may appear 
very prominent in x-ray films, The Rous test for hemosiderin granules 
in early morning urines may also be used. Confirmation of the diag- 
nosis may be obtained by the findings of high serum iron and of prom- 
inent yellow-brown hemosiderin granules in biopsies of liver and of 
sternal marrow.* * 

b) Excessive amounts of iron may be accumulated by the adminis- 
tration of repeated transfusions as occur in cases of chronic anemia. The 
iron from the catabolized red cel!s accumulates leading to hemosiderosis 
and eventually to cirrhosis. This is an example of hemochromatosis of 
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“exogenous” origin. 

c) Excessive parenteral administration of iron may also lead to 
hemosiderosis and to hemochromatosis of “exogenous” origin. 

d) Prolonged iron feeding over a period of years to patients who 
have chronic refractory anemias that do not respond to the iron feeding 
also leads to an eventual “exogenous” hemochromatosis." The anemia 


provides the stimulus for greater iron absorption by the mucosal cells. 
¢) Severe malnutrition with pellagra and at the same time excessive 
ingestion of iron salts derived from the iron cooking vessels, especially 


those containing acid fermented foods, lead to hemosiderosis.'* 
Studies on animals** suggest that increased absorption and storage of iron 
is a result of a high content of iron and low phosphate in the diet, 
whereas fatty and fibrous changes in the liver may be ascribed to a 
deficiency of dietary protein. Experimentally, the ligation of pancreatic 
ducts also appears to lead to an abnormal increase of iron absorption. 

Clough" in reviewing the cases of “exogenous” hemochromatosis 
recommends that iron should only be given to anemic patients who are 
recognized to be iron deficient and that the amount of iron to be given 
should be not much greater than required to replace this deficiency of 
iron. A safe procedure is to continue oral iron for a few months after 
the hematocrit value has returned to normal so as to replenish the iron 
stores.** 

How are the excessive stores of iron to be removed? In the case of 
endogenous hemochromatosis, removal of the excessive amounts of iron 
is accomplished by a prolonged series of weekly bleedings.** This 
method, first advocated by Hahn has proved valuable in arresting the 
disease. Attempts to use chelating agents’ intravenously administered 
to form iron complexes which can be excreted via the bile or urine have 
not proven practical as yet, since too little Fe is eliminated in this way. 
To limit iron absorption in the food, organic chelating agents might be 
tried, including a diet high in phosphate which would render the iron 
insoluble. To prevent the formation of ferrous iron, the form in which 
iron is absorbed, one might include an oxidant like vitamin K as the 
napthoquinone, and decrease the reducing agents like ascorbic acid 
during a meal. Because the disease appears to be inherited, early recogni- 
tion and treatment of high iron stores in near relatives of a hemochroma- 
totic patient may prevent or arrest the cirrhosis which might eventually 
develop. 
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IV. Some or MeTABOLISM 


The general story of iron metabolism has expanded rapidly in the 
last decade and has developed a new horizon. We have attempted to 
review what we know of iron metabolism. Part of the knowing also 
includes what we know we don’t know, and it may be pertinent in a 
review of this kind to summarize the gaps one can recognize by asking 
the following questions: What is available iron of the food?'' How is 
this iron converted to the ferrous state, that is, what are the reducing 
agents in the food? Are there secretions of the gastrointestinal tract that 
can act as reducing agents? How do these agents work in the presence 
or absence of HCl? What is the mechanism of the mucosal block? How 
does anemia affect the mechanism of the mucosal block? Is it a direct 
effect of lowered O, tension, or an indirect effect due to some hormone? 
How does iron in the blood stream enter and leave tissue cells? Is the 
movement of iron in and out of the tissues also affected by O, tension 
or a hormone? How does the entrance of iron into a mucosal cell or 
liver cell induce the rapid accumulation of the specific storage protein 
ferritin? What is the precise mechanism by which the iron daily be- 
comes incorporated to form iron porphyrin in the newly developing 
erythrocytes of the bone marrow? 

Some fifteen years from now there will be another Graduate Fort- 
night on blood. I hope I shall be able to attend and find many of the 
questions which puzzle us today answered, and hear of the uncovering 
of some more of the inventions of that infinitely ingenious biochemist, 
Protoplasm, 


SUMMARY 


Perhaps one may best summarize this discussion by considering the 
normal processes of iron metabolism from an evolutionary point of view 


(Fig. 5). In all cells, whether in bacteria or man there are iron-contain- 
ing proteins called the cytochromes or oxidative catalysts. Only traces 
of iron are needed by unicellular forms to satisfy the requirements for 
building the cytochromes, and sufficient O» is obtained by diffusion from 
the liquid in which they live. 

Ata later stage of evolution the larger and more complex structures 
of the vertebrates began to develop. Along with this complexity of 
development a system had to be invented for supplying O, to the cyto- 
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chrome oxidase of the cells. One of these inventions was the iron-con- 
taining compound hemoglobin. For large animals to secure an adequate 
supply of O,, a large amount of hemoglobin was required. In terms of 
the amounts of iron needed for the oxidative enzymes common to all 
life, this was a biologically huge amount of iron. To make the iron more 
readily available for absorption a new invention appeared in the craniata, 
a mechanism for secreting HC] into the stomach. Here the iron of the 
ferric hydroxide of the food can be ionized and more readily converted 
to ferrous iron by reducing substances in the food. It is only in the 
ferrous form that iron appears to be absorbed. 

To regulate the amount of iron in the body, an invention for regula- 
tion appeared in the mucosal cells of the intestinal tract, that is, at the 
port of entry rather than at the port of exit. Iron once entering the body 
never leaves it. The iron is used over and over again. The regulation by 
the mucosal cell is such that only small amounts of iron normally are 
absorbed, but in cases such as hemorrhage or pregnancy, that is, when 
the body demands for iron are great, more iron is absorbed by the 
mucosal cell and passed on into the blood stream. The iron entering the 
blood stream is transported to various tissues of the body by means of 
another invention, a special protein, transferrin. 

To take care of sudden demands for a relatively large amount of 
iron, as in the case of an acute hemorrhage, still another invention 
appeared in the form of the iron storage protein ferritin. 

These are some of the inventions that we have become aware of in 
the field of iron metabolism and there are undoubtedly others. 
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It would not be surprising to find an occasional breakdown in one 
or more of these necessary mechanisms of iron metabolism, Yet it is 
fortunate that damage to only one of these mechanisms appears to be of 
any importance. In hemochromatosis, it seems that the iron absorption 
mechanism is faulty, the mucosal cells appearing to absorb more iron 
than they should. The method of recognition and treatment of this 
disease have been discussed. 

The administration of iron by mouth or intravenous administration 
of saccharated iron-hydroxide preparations is quite successful in the 
treatment of uncomplicated iron deficiency. Unfortunately there are 
many anemias that are not due to iron deficiency, and the administration 
of iron in such cases is to be regarded as not only useless, but also 
probably injurious. 


The author desires to express his gratitude to 
Dr. Paul Reznikoff for his criticism of this review. 
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INTRODUCTION 


HE anemias which have in common a hereditary factor,are 
characterized by an intracorpuscular defect, and are 
hemolytic in type. With the exception of thalassemia the 
anemia is normocytic and normochromic. No extra- 
corpuscular defect has been found to be present except 
where a complicating factor of “hypersplenism” has developed later on 
in the course of the disease. These important facts have been established 
by studies of the life span of the red blood cells. When the erythrocytes 
of the patient have been transfused into normal recipients, life spans of 
fourteen to sixty days, instead of the normal 120 days, have been found. 
This, then, constitutes an intracorpuscular defect. Conversely, normal 
erythrocytes transfused into these patients survive for 120 days, and 
thus the absence of an extracorpuscular defect is established. 

Shortened survival of the patient’s red blood cells implies rapid hem- 
olysis within the body. This results in an increase of fecal and urinary 
urobilinogen, and of the serum bilirubin, largely of the “indirect” frac- 
tion. The bone marrow responds to the demand for more red blood cells 
by a heightened production, as is reflected in an increase of the reticu- 
locytes. If the bone marrow is placed under unusually severe stress, 
normoblasts, and even increased numbers of leukocytes and platelets will 
appear in the peripheral blood. These evidences of increased blood 
destruction and production must always be looked for when one suspects 
a hemolytic anemia. 


L 


Many painstaking genealogic studies of the patients and their families 
have shown that in the case of congenital hemolytic anemia, ovalocytosis, 
and hereditary nonspherocytic hemolytic anemia, the disease is inherited 
as a Mendelian dominant from either parent. In the case of thalassemia 
and sicklemia homozygosity of the abnormal gene results in the expres- 


* Presented at the 26th Graduate Fortnight of The New York Academy of Medicine, October 
21, 1953. 
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Taste I-—-HEREDITARY ANEMIAS (INTRA CORPUSCULAR DEFECT) 


Congenital Hemolytic Anemia 


Il. ‘Thalassemia Major and Minor 


Sickle Cell Anemia 
HGB. C and HGB, D Di.ease 


Combination 
(1) Sickle Cell—Thalassemia 
(2) Sickle Cell—HGB. C 
(3) Sickle Cell-HGB. D 


VI. Hereditary Non-spherocytic Hemolytic Anemia 


Ovalocytosis 


sion of the disease, and heterozygosity, the trait. It is not surprising, in 
view of the fact that the defect lies within the red blood cell, that this 
defect has been shown to be due to an abnormal hemoglobin in certain 
of these anemias. Indeed, as more delicate techniques are discovered for 
studying the complexities of the arrangement of the protein constituents 
of the erythrocyte, it may be expected that eventually all of the members 
of this group of “hereditary anemias” will be shown to have abnormali- 
ties of the hemoglobin or of the supporting stroma. 

The types of hereditary anemias are listed in Table I. These will be 
discussed separately in some detail, especially in regard to pathophysi- 
ology, with the exception of ovalocytosis and hereditary nonspherocytic 
hemolytic anemia, which occur so rarely that relatively little is known 
concerning the precise hemolytic mechanisms involved. The details of 
diagnosis and treatment will be discussed by Carl Smith under the title 
of “Anemias in Infancy and Childhood.” Also see Wintrobe’s' excellent 


textbook of hematology. 


I. ConcenirraL Hemorytic ANEMIA 


Mechanism: In congenital hemolytic anemia the abnormal red blood 
cell manifests itself as a spherocyte, which is inherited as a Mendelian 
dominant from either parent, A spherocyte is so constructed as to have 
the largest amount of volume for the smallest amount of surface. All red 
cells behave as osmometers and take in extra water under circumstances 


of stagnation such as occur in the spleen. The biconcave shape of the nor- 
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EFFECT OF SPLEEN ON RED CELLS 


Cells Circulation Spleen 
Smear X-Section | X-Section 
Normal Erythrocyte 


Fig. 1--Congenital hemolytic anemia. 


mal erythrocyte is especially adapted to withstand the stress of swelling; 
whereas the spherocyte, having no expandable surface for its volume, 
will have to rupture when extra water enters it. Osmotic fragility studies? 
not only demonstrate the increased osmotic fragility of the spherocyte 
in the peripheral blood, but also show that it is further increased after 
stasis within the spleen (See Fig. 1). It has also been shown** that when 
these patients are transfused with normal red cells the spleen has a prefer- 
ence for trapping the patient’s spherocytes rather than the normal cells. 
This is a second reason for the enlarged spleen being a graveyard for the 
patient’s erythrocytes. 

Dr, Castle* has emphasized the point that increased osmotic fragility 
alone will not explain the destruction of erythrocytes in vivo because the 
body fluids have a tonicity equivalent to that of 0.85 per cent NaCl, 
and in most cases of congenital hemolytic anemia the hemolysis in hypo- 
tonic saline does not begin until 0.75 per cent NaCl or lower. (The 
hemolysis of normal erythrocytes begins at about 0.44 per cent NaCl.) 
His group’ showed that the “echanical fragility” of the spherocyte is 
also increased, and postulated that in vivo hemolysis is probably the 
result of the mechanical buffeting of the erythrocyte as it traverses the 
narrow capillaries at high speed. Splenectomy abolishes the anemia in 
these patients by removing the organ which increases the osmotic swell- 
ing, and therefore the mechanical fragility, of the erythrocyte to the 
critical bursting point. The final scheme for the mechanism of hemolysis 
is outlined in Table IL. 

Although the osmotic and mechanical fragility of the red cells is 
somewhat reduced by splenectomy, the original spherocytosis is un- 
changed. This is to be expected since the inherent defect is hereditary 
and is an intrinsic part of the cell. Electrophoretic studies have failed to 
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Taste II--CONGENITAL HEMOLYTIC ANEMIA 


Spherocytosis (inherited as Mendelian dominant). 
Increased osmotic fragility and mechanical fragility. 
3. Selective sequestration by spleen of spherocytes, 
4.*M.F. and O.F. of RBC in spleen increased to critical level. 
5. Hemolysis and anemia. 


6. Splenectomy is curative by preventing this critical increase of fragility of RBC 
in the spleen, 


. Original spherocytosis and increase in RBC fragility remain after splenectomy. 


* M.F.—-mechanical fragility O.F.—osmotic fragility 


show the presence of an abnormal hemoglobin.* The exact defect within 
the erythrocyte is quite unknown, and may even reside in the stroma 
rather than within the hemoglobin. 

Clinical Picture: What are the manifestations of this disease? Although 
symptoms would be expected to be manifested in early childhood because 
the spherocytosis is presumably present at birth, for unknown reasons, 
the disease may not be clinically apparent until early, or even late, adult 
life. The only symptoms present are usually those referable to anemia. 
The patient is often jaundiced. Since the anemia may be mild, the apho- 
rism has arisen: “more jaundiced than anemic.” The diagnosis is made 
by the finding of splenomegaly, a hemolytic type of anemia, and sphero- 
cytosis. A negative Coombs test and the presence of spherocytosis in 
one of the parents will further distinguish this disease from the sphero- 
cytic hemolytic anemia of the acquired type. In the occasional case where 
the spherocytosis is minimal and the osmotic fragility is normal, incuba- 
tion of the blood for eighteen to twenty-four hours will increase the 
osmotic fragility much more than that of the erythrocytes of a normal 
person. (Incubation in the test tube is the in vitro equivalent of in vivo 
stagnation of blood in an enlarged spleen.) 

Treatment: The treatment of choice is splenectomy since a clinical 
cure of the anemia can be expected in all cases, 


Il. THAvassemia Mayor AND Minor 


Mechamsm: The relationship of thalassemia major (Cooley’s anemia) 


«46 


to thalassemia minor (“familial microcytic anemia”, “target cell anemia”’) 


* Dr. H. C. Lichtman has recently found that ovalocytosis also has no abnormality of hemoglobin 
by electrophoretic studies using the filter paper method. 


4 
109 
(Wa 
= = = 
— : 
igs 
ES 
Pi 
f 


110 THE BULLETIN 


was not well defined until the extensive genetic studies of Valentine and 
Neel? in 1944 indicated that the former is the homozygous and the latter 
the heterozygous manifestation of the anomaly. In other words, inheri- 
tance of the abnormal gene from only one parent would result in heter- 
ozygosity and therefore in the relatively benign manifestations of thal- 
assemia minor, whereas inheritance of the abnormal gene from both 
parents would result in homozygosity and therefore in the serious form 
of the disease, thalassemia major. The great majority of cases have 
occurred in persons whose ancestry has stemmed from countries border- 
ing the Mediterranean Sea, e.g., in Italians, Greeks, Armenians and 
Syrians, and presumably indicates genetic connections. However, there 
are a few reports of Chinese, Indian and Negro patients. 

The abnormal erythrocyte is a very small, flat hypochromic cell 
which appears defective in hemoglobin. The similarities of this micro- 
cytic hypochromic anemia to that of iron deficiency anemia are so 
striking that it seems that there must be some fundamental error in iron 
metabolism in this disease. This hypothesis is further borne out by the 
finding of iron deposition in organs, distributed as in hemochromatosis 
rather than as in hemosiderosis, The flat erythrocyte has a greatly in- 
creased resistance to hypotonic saline — (a platycyte being the reverse of 
a spherocyte)—but it has an increased mechanical fragility and a short- 
ened life span. 

In addition to the hemolytic component there seems to be an added 
component of decreased capacity of blood formation, despite the mor- 
phological appearance of normoblastic hyperplasia of the bone marrow. 
This is shown by the fact that the reticulocytosis is much more incon- 
stant, and of a lesser degree, than in other types of hemolytic anemias. 
Indeed, it is not uncommon for the reticulocytes to be normal or low 
even when there are many normoblasts in the peripheral blood. Many 
patients who are transfused frequently have few remaining circulating 
cells of their own blood type. In this respect they more closely resemble 
patients with an erythropoietic arrest such as pernicious anemia than 
those with “pure” hemolytic anemias, such as sickle cell anemia. It is 
tempting to postulate that there is a maturation arrest at the level of the 


basophilic normoblast because of the relative inability to incorporate 


iron into the hemoglobin molecule. It is interesting that basophilic and 
polychromatophilic normoblasts are abundant in the marrow, whereas 
the hemoglobin-containing orthochromatic normoblast is scarce. 
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HEMOGLOBIN SYNTHESIS IN THALASSEMIA MAJOR 


| | — [ | | HEMOGLOBIN | ERYTHROCYTE 


(INCREASED) ( PERSISTANCE MICROCY TIC 


F FETAL TYPE HYPOCHROMIC 


inn | | | 


REASED) (ABNORMAL) 


TISSUE IRON 
(INCREASED) 


Figure 2. 


Recently Singer* has shown that there is a persistence of a fetal type 
of hemoglobin in the red cells in most of these patients, and we have 
also found that to be so in the course of our studies. Fetal (F) hemoglo- 
bin, in contrast to normal (A) hemoglobin, is characterized by a marked 
resistance to denaturation by alkalis. It has been known that the erythro- 
cytes at birth contain about 80 per cent fetal hemoglobin.’ This is 
gradually replaced by normal hemoglobin, so that at the age of four 
months only about 10 per cent remains, and at the age of one year there 
is usually none left. The presence of fetal hemoglobin can be demon- 
strated in both thalassemia major and minor, usually in small amounts, 
but sometimes in quantities as high as 49 per cent. There is not a good 
quantitative correlation between the amount of fetal hemoglobin and 
the severity of the disease. Although the exact significance of fetal hemo- 
globin is unknown, this is evidence of another abnormality within the 
hemoglobin itself. Since fetal hemoglobin has been found in a variety 
of anemias, its presence is thought to be the non-specific result of anemic 
stress on hemoglobin formation with a partial reversion to fetal path- 
ways. Electrophoretic studies of the hemoglobin of patients with thalas- 
semia have so far not shown any abnormalities in addition to those of 
a persistence of fetal hemoglobin. A proposed scheme for the mechanism 
of the anemia in thalassemia is shown in Figures 2 and 3. 

Clinical Picture. 1. Thalassemia major: This disease is a very serious 
one with a short life expectancy. The patients develop a severe anemia 
requiring transfusions by about the second year of life. The marked 
expansion of the marrow cavity of the malar bones produces the “mon- 
goloid” facies; the generalized marrow changes with their secondary 
effects on the growing bones produce typical x-ray changes. The spleen 
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Figure 3. 


and liver may become so large as to cause great protuberance of the 
abdomen. The patient lives an abnormal life at best, having to come to 
the hospital or clinic for transfusions as often as every two weeks. Death 
usually intervenes by puberty, as a result of intercurrent infection or of 
liver or cardiac insufficiency due to hemochromatosis. The diagnosis 
is easily made in a child of Mediterranean ancestry, who has hepatosple- 
nomegaly, bone changes in the x-rays, and a microcytic hypochromic 
anemia, with red cells which appear fragmented and which have a 
marked resistance to hypotonic saline solutions, Occasionally a relatively 
mild case may simulate the anemia of iron deficiency, but can be differ- 
entiated by the lack of response to iron therapy. 

The only treatment is supportive and consists mainly of blood trans- 
fusions. Splenectomy has been shown to ameliorate the anemia in some 
cases by diminishing the transfusion requirement. Dr. Lichtman* has 
recently found that the favorable effect of splenectomy occurs in 
patients who have developed an extracorpuscular defect as demonstrated 
by a shortened survival time of normal transfused erythrocytes. This is 
corrected by splenectomy, thus diminishing the need for blood trans- 
fusions. However, since splenectomy does not alter the imtracorpuscular 
defect, it is by no means curative, nor has it been ascertained as to 
whether it lengthens the longevity of the patient. 
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2. Thalassemia minor: This diagnosis is usually based on the results 
of a chance blood examination of an asymptomatic individual. The find- 
ings often consist of a low hemoglobin value and a high red cell count 
(i.e., a “microcytic polycythemia”), and an increased resistance of the 
erythrocytes to hypotonic saline. The red cells may have a normal life 
span. This diagnosis, of course, necessitates no treatment, and the physi- 
cian should be urged to refrain from producing an “anemic neurosis” in 
his patient—as is not uncommon! However, there are also many grada- 
tions of thalassemia minor, including a shortened red cell survival.® 
These gradations suggest that the thalassemia gene possesses varying 
degrees of penetrance. 


Ill. Sickie Ceti ANEMIA 


Mechanism: In sickle cell anemia the abnormality of the red cell is 
characterized by its transformation from a biconcave disc to a “sickled” 
cell when oxygen tension is lowered so that the hemoglobin is in the 
reduced state. It has long been known that 8 per cent of American 
Negroes have red cells that can be sickled in vitro and have no anemia 
or symptoms—i.e., have the “sickle cell trait.” About 0.2 per cent have 


sickle cell anemia, a condition in which the cells can assume the sickled 
form in vivo as well as in vitro. A basic understanding of the difference 
between sickle cell anemia and sickle cell trait appeared with Neel’s 
clarification of the hereditary factors’® and Pauling’s demonstration" 
of an abnormal hemoglobin by electrophoretic methods. 

Neel showed that sickle cell trait is the expression of heterozygosity 
of the sickle cell gene and that sickle cell anemia is the expression of 
homozygosity. For example if there is a mating of two individuals pos- 
sessing the sickle cell trait, and if they have four children, one child of 
the four may have sickle cell anemia, two of the four have sickle cell trait, 
and one may be normal (See Fig. 4). Almost 99 per cent of the cases 
reported have been in Negroes. The majority of those reported in whites 
have been Italians or Greeks, and are thought to represent old genetic 
connections between the peoples of the two shores of the Mediterranean 
Sea. 

Pauling’s revolutionary findings published almost simultaneously 
with Neel’s in 1949, showed that the hemoglobin (S) of sickle cells has 
a different electrophoretic mobility from normal (A) hemoglobin. In 
sickle cell anemia, all of the hemoglobin is abnormal in this respect; 
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INHERITANCE OF SICKLEMIA 
MATING OF TWO PERSONS WITH SICKLE CELL TRAIT 


? 

i @e SICKLE CELL ANEMIA 

2 @0 SICKLE CELL TRAIT 
3 @0 SICKLE CELL TRAIT 
4 


ome) NORMAL 


@ = sickle gene 


O= normal gene 
Homozygosity of sickle gene —» sickle cell anemia 
Heterozygosity of sickle gene —+ sickle cell trait 


Figure 4. 


whereas in sickle cell trait 27-44 per cent of the hemoglobin is S hemo- 
globin and the remainder of the hemoglobin is normal (A). This obvi- 
ously fits in very well with the hereditary features just mentioned. The 
fact that the S hemoglobin is less than 50 per cent may be explained 
by the hypothesis that the presence of normal hemoglobin in sickle cell 
trait interferes with complete penetrance of the sickle gene. Electro- 
phoretic studies of heme and denatured globin from S hemoglobin show 
no abnormalities, but recently studies of natural globins'* have revealed 
differences from the normal, X-ray diffraction studies of S and normal 
hemoglobin crystals are identical. Hence, it is thought that the defect 
in S hemoglobin may consist in a slightly different arrangement of the 
basic constituents of the globin ame of the molecule. 

Harris’* has shown that reduced S hemoglobin has a very high 
viscosity and has a “tactoid” formation which can be observed with the 
phase microscope. Tactoids are oriented masses of molecules. Perutz™* 
has postulated that the change into the sickled shape is the result of 
crystal formation of S hemoglobin which occurs in the reduced state 
because of its very low solubility in that form. Reduced S hemoglobin 
is so insoluble that only 1/7 of it can stay in solution when oxyhemo- 
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globin changes to reduced hemoglobin, Reduced S hemoglobin was 
found to have only one-hundredth of the solubility of the oxy-S com- 
pound, whereas reduced normal (A) hemoglobin had one-half the 
solubility of the oxy-A compound. These considerations give us some 
insight into the dynamics of the extraordinary distortion of the bicon- 
cave dise that occurs in the sickling process. 

The high viscosity of S hemoglobin in its reduced and relatively 
insoluble state and the high viscosity which is the inevitable result of 
the sickle cell shape explains one of the worst manifestations of the 
disease—capillary thrombosis. It is in the capillaries where the O» tension 
falls to its lowest with the production of reduced hemoglobin, so that 
it is in the capillaries where the sickling takes place with consequent 
slowing of blood flow due to the increased viscosity. Mass capillary 
blockade may stop circulation with death of a part, or all, of the organ 
involved. It is this complication rather than the anemia per se that gives 
rise to the most distressing symptoms of the disease and eventually to 
death itself. It has been shown’ that the mechanical fragility of the cell 
in the sickled form is many times that of the biconcave disc, so the 
mechanism of the anemia is also explained by the peculiarity of the 
sickled shape. 

In the case of sickle cell trait there is not enough S hemoglobin in 
the cell to produce sickling at the lowest Oz tension (40 mm.) that can 
occur within the body. It is only in vitro, at artificial levels of much 
lower Oz tension (18 mm. or less) that the cells can be changed into the 
sickle shape. Obviously, under these circumstances no damage can be 
done in vivo, and the person with sickle cell trait will have no anemia 
and no symptoms. See Table III for an outline of these mechanisms. 

Recently new questions have arisen because studies in Africa have 
shown that some tribes have an incidence of sickle cell trait of as high 
as 4o per cent whereas sickle cell anemia is rare or non-existent, This 
apparent contradiction to the homozygous theory has been explained'® 
by postulating that admixture of white “A” genes alters the penetrance 
of the Negro S gene and thus allows the manifestations of sickle cell 
anemia! At any rate, much more study is necessary to elucidate these 
problems. As usual, the solving of one problem opens the door to many 
more unsolved problems! 

Singer® has shown that most of his patients with sickle cell anemia 
have fetal hemoglobin, but that those with sickle cell trait had none. 
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SICKLE CELL DISKASE 
1. RBC will sickle when O, tension is reduced. 
2. Reduction of O, tension in the capillaries. 
3%. Sickling of RBC, 
a. Increased viscosity b. Increased mechanical fragility 
Capillary thrombosis Hemolysis of RBC 


Tissue necrosis Anemia 


SICKLE CELL TRAIT 
1. RBC will sickle in vitro only (very low O, tension). 
2 RBC will not sickle in vivo, 


3. Therefore no disease. 


There was no correlation between the severity of the disease and the 
amount of the fetal hemoglobin. We have found fetal hemoglobin 
present in significant amounts in only a few of our patients with sickle 


cell anemia, the highest value being 39.8 per cent.'* It is thought that the 
stress of anemia may cause the organism to resort to old (fetal) methods 
of producing hemoglobin. However, at birth when there is a high per- 
centage of fetal hemoglobin, infants with sickle cell trait have only a 
low percentage (about 1-25 per cent) of sickle cells and do not develop 
100 per cent of sickle cells until the age of four months, at a time when 
fetal hemoglobin has almost disappeared. This apparent inability of 
fetal hemoglobin to sickle may be an important reason for the great 
rarity of manifestations of clinical sickle cell anemia in the first six 
months of life.'” 

Clinical Picture: Sickle cell anemia is diagnosed hematologically by 
the presence of a hemolytic type of anemia, the finding of target cells 
and a few “irreversible” sickle forms in the stained smear, and 100 per 
cent sickling in a special preparation in which Oz tension is reduced 
by some means (e.g., by sealing with vaseline, reduction with N. or H, 
gas, or by reduction with a reducing agent such as sodium bisulphite). 

Symptoms are rare in the first six months of life, but are present in 
half of the cases by the age of two years. Fatigue and irritability occur 
as a non-specific reflection of the anemia. The more troublesome symp- 
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Taste IV—-HUMAN HEMOGLOBINS 


Type F.P. Electro Incidence 
Rate Migration 


A (Normal) Normal 99% 


F (Fetal) Slightly Slower Newborn 
Certain Anemias 


S (Sickle) Much Slower 8% Am. Negroes 
Cc Slowest 0.5-2.0% Negroes 


D Same as S$ 


S, C, or D, if combined with A (heterozygous), are not anemic. 
S, C, or D, if combined with each other, are anemic. 


F.P. Electro = Filter paper electrophoresis. 
8.C. = Sickling. 


toms are those which can be attributed to the sickling process itself — 
i.e., bone and joint pain and abdominal pain and fever. Severe bouts of 
trouble are known as “crises” and often occur without exacerbation of 
the hemolytic anemia, and without any known precipitating cause. 
Many older patients attribute the onset of a crisis to emotional disturb- 
ances at home. This points to the vascular factor involved (and may 
be somewhat analogous to attacks of cardiac decompensation in hyper- 
tensives). Death may occur in crisis as a result of insufficiency of any 
vital organ, such as the brain, lung, liver or kidney. Involvement of the 
bones leads to typical x-ray lesions'* and may cause severe pain. Intracta- 
ble leg ulcers may follow slight trauma and are presumably due to the 
poor circulation in those areas, complicated by the sluggish flow of 
sickled cells. Although the spleen often becomes abnormally small 
because of auto-infarction from sickling within the spleen, this organ 
may also be enlarged and even give rise to a superadded factor of “hyper- 
splenism.””” 


Treatment: There is no satisfactory treatment, other than supportive, 
at present. Transfusions should be given for symptoms due to anemia 
only. The administration of nasal oxygen does not result in clinical im- 
provement and may actually intensify the anemia as a result of the sup- 
pression of blood formation, Cortisone and ACTH have been tried with 
quite variable results, and are of limited value at best. The same can 
be said for vasodilators. 
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Fig. 5 Human hemoglobins. Filter paper electrophoresis. 


For a recent excellent detailed review of sickle cell anemia, the reader 
is referred to Margolies.”” 


IV. Orner ANemMtAs with ABNORMAL 


In the course of doing genetic studies of the families of Negro patients 
with sickle cell disease two other hemoglobins, designated C and D,*' 
have been discovered'* (See Table IV). Neither has the ability to pro- 
duce sickling. Hemoglobin D possesses the same electrophoretic mobility 
as S hemoglobin, but has the same solubility as normal A hemoglobin. 
(Reduced S$ hemoglobin has only 1/14 the solubility of A hemoglobin 
in the reduced state.) Hemoglobin C in filter paper electrophoresis 
migrates very slowly, much slower than S hemoglobin, which in turn 
migrates more slowly than normal hemoglobin (See Fig. 5). 

Any combination of these abnormal hemoglobins other than with 
normal hemoglobin will result in a hemolytic anemia (See Table V). If 
the abnormal hemoglobin is heterozygous with normal hemoglobin, an 
asymptomatic and non-anemic trait will be present. These abnormal 
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Tame V—DISEASES ASSOCIATED WITH ABNORMAL HEMOGLOBINS 


Disease HGB, Targets Crises Splenomegaly 


Thal. A (& F) Microcytic 14 
S.C.A. S-S (& F) Normocytic 
S.C.-Thal. S-A (& F) Microcytic 

HGB. C c-C Normocytic 

HGB. D D-D 

S.C.-C s-C Normocytic 

$.C.-D 


Fig. 6—Hemoglobin C disease. Target cells. 


hemoglobins depend on a single Mendelian factor, and have been found 
in Negroes but not in whites.'* ** 

The Hereditary Anennas. 1. Hemoglobin C Disease: Although three 
observers have seen examples of homozygous hemoglobin C, the reports 
are not yet published. Our one case** is characterized by mild anemia 
(hemoglobin 11 gm. per cent) and 60-go per cent target cells in the 
peripheral blood (See Fig. 6). The patient has mild arthralgia and 
abdominal pain, but no crises. The spleen is not palpable. The exact 
mechanism that leads to the destruction of the red cells is not at all 
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clear, other than the fact that target cells are apparently mechanically 
fragile. Why the abnormal hemoglobin is associated with target cell 
formation is another unanswered question, 

2. Hemoglobin C—Sickle Cell Disease: The combination of hemo- 
globin C and S*: ** occurs in a ratio of 1:1 and results in a mild hemolytic 
anemia with mild crises, splenomegaly and a great increase in target 
cells. The incidence of hemoglobin C, occurring as a heterozygous trait, 
or in combination with C or S, has been variously reported to occur in 
0.§ per cent to 2 per cent of American Negroes.** ** About 30-40 per 
cent of the hemoglobin of individuals heterozygous for this factor is 
electrophoretically abnormal. 

3. Hemoglobin D Disease: Homozygous hemoglobin D has not yet 
been found, but its presence can be predicted. Only two instances of 
hemoglobin D trait (heterozygous) have so far been reported,** and 
these were in two Caucasian siblings. Clinical and hematologic data have 
not yet been given. 

4. Thalassemia—Sickle Cell Disease: The combination of the thalas- 
semia gene with the sickle gene apparently favors penetrance of the 
sickling gene, since about 70 per cent of the hemoglobin is S hemoglobin. 
About nineteen families have been studied where this combination was 
found.** The clinical picture is similar to that of relatively mild sickle 
cell anemia, but the spleen is usually enlarged. Hematologically the 
anemia is hemolytic in type, but is microcytic and hypochromic with 
many target cells. 

To summarize, if a patient, who appears to have sickle cell anemia, 
is found to have only one parent who has the sickling trait, investigation 
of the non-sickling parent (if he is the true parent) should show that he 
has either 1) hemoglobin C, 2) hemoglobin D, 3) thalassemia, or 4) an 
anomalous form of sickle cell trait,” in which less than 10 per cent of 
the hemoglobin is of the S type. Future investigation may also add to 
this list of abnormal hemoglobins and their combinations (such as 
“Thalassemia-Hemoglobin C Disease,” not yet reported). Some of the 
atypical hemolytic anemias of the hereditary type, undiagnosed at 
present, may be clarified by future studies along analogous lines. 
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ARTERIAL ANGIOGRAPHY IN THE 
DIAGNOSIS, PROGNOSIS AND 
TREATMENT OF OCCLUSIVE 

VASCULAR DISEASE* 


Enzo Kraut, Geracp H, Prarr and Louis M. Roussetor 


SHE purpose of this paper is to point out the segmental char- 


acteristic of the great majority of the peripheral occlusive 

i 3 arterial diseases and the importance of angiographic 

studies in the evaluation of these pathological conditions. 

This aspect has been brought up in the past by various 

authors’: * and we emphasize it because of the high incidence of seg- 
mental occlusions in our series of cases. 

The clinical features of occlusive arterial disease have been well 
known for centuries and can be expressed by these four signs: Inter- 
mittent claudication, rest pain, trophic changes and gangrene. These 
signs are directly related to the amount of blood which reaches the 
extremities per unit of time. Physical examination of the patient, oscil- 
lometric, plethysmographic and skin temperature readings, sympathetic 
nerve blocks help to evaluate the degree of arterial supply. It is only the 
visualization of the arterial tree that shows the actual anatomical pattern 
and functional possibilities of the blood supply. We emphasize the im- 
portance of this study because it is the only means by which it is possible 
to establish preoperatively whether or not the obstruction is segmental 
in type. The importance of establishing this fact has been determined by 
the successful surgical removal of the segmental obstruction.*:**:" 

Arteriography was first successfully applied by E.gaz Moniz in 1927 
and owes its popularity to the work of dos Santos in Portugal.* We shall 
not discuss here the details of technique, suffice it is to say that per- 
cutaneous puncture of the vessel and constant rate of injection of an 
organic iodine compound under known and constant pressure into the 
free circulation are the main features of the technique we have used. The 


* Presented at the Residents’ Meeting of the Section on Surgery of The New York Academy of 
Medicine, February 6, 1953. Manuscript received May 1953. 
From Department of Surgery and Vascular Clinie-—-St. Vincent's Hospital and the N. Y. U 
College of Medicine, Bellevue Medical Center, New York, N. Y. 
These studies were aided by a contract between the Office of Naval Research, Department of the 
Navy and St. Vincent's Hospital, New York City (NR 102-025) 
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details are discussed in another publication.* We have not had any com- 
plications and the only complaints have been occasional nausea and some 
pain following the injection in those cases in which general or spinal 
anesthesia has not been used. With this method of investigation, we have 
correlated the anatomical features of the peripheral arterial disease with 
their clinical picture. Most clinicians are familiar with the histological 
and gross characteristics of the classified arterial diseases. There is one 
feature which is common to all these arteriopathies, that is the thrombosis 
which causes the final occlusion of the vessel. We have demonstrated 
that the hemodynamic imbalance and the symptomatology and physical 
findings which follow the block are related to the anatomical distribu- 
tion of the blood vessels and to the site of these blocks, We emphasize 
site rather than clot length, because after such a block is established the 
life and function of the territories distal to it depend upon collateral ves- 
sels. More damage can be produced by a short block at the level where 
an important collateral arises than a long block in between functioning 
collaterals. Collaterals may anastomose with each other, reverse their 
usual blood flow and bridge a block in a main vessel, thus carrying blood 
to a point distal to the site of obstruction. This may be called “functional 
realignment” of an artery distal to the blocksite and the above described 
collaterals “bridging collaterals.” “The vital detour” refers to that seg- 
ment of an artery from which collaterals with bridging power arise. 
There are several of these “vital detours” from the abdominal aorta 
down to the popliteal artery and we shall describe the pattern of the col- 
lateral circulation under these circumstances in another article.’ If the 
block of a main artery is at the level of or involves a “vital detour,” the 
function and /or the life of the tissues or structures distal to it are 
jeopardized. 

In acute occlusions (either embolic or thrombotic) a small block of 
even a non-vital arterial segment may cause distal gangrene because of 
reflex spasm of the collaterals which follows the sudden injury to the 
arterial wall. This concept was presented by Leriche* over thirty years 
ago. A slowly occurring occlusive process usually allows collaterals to 
develop, although a certain amount of reflex spasm may, exist in the pre- 
capillary arterioles. Besides outlining the proximal and distal end of a 
segmental block, arteriography will allow a more accurate anatomical 
and functional diagnosis, and therefore indicate a correct treatment and 
give a prognosis. In most cases one may predict the symptomatology 
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Figures 1, 2, 3 and 4. 
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with reasonable accuracy by reading the arteriogram without having 
seen the patient. 

In a normal arteriogram, variations may be noted in the origin and 
number of the branches but nevertheless there is always a definite reg- 
ularity which is absent whenever the vessels are involved by a pathologic 
occlusive process, regardless of etiology. 


In Figures 1, 2 and 3 pictures of normal angiograms are shown, The 
aorta (Figure 1) was punctured distal to the renal arteries, This demon- 
strates the typical arterial architecture. The lumbar aorta, the last lumbar 
arteries, the sacralis media, the common external and internal iliac 
arteries, and the first portion of the femoral arteries are well outlined. 
In the arteriogram shown in Figure 2 the injection of dye was made into 
the common femoral artery. The vessel wall is smooth and the caliber 
of the vessels is regular. The distribution of the collateral circulation is 
normal. In Figure 3 a lateral view of the normal circulation of the knee 
is shown. The superficial femoral artery and the popliteal artery are the 
most frequent sites of obstruction." '*'* The small geniculate arteries 
which one can see outlined, play an important role as “bridging col- 
laterals” if obstruction intervenes. 

In pathological pictures the vessel wall loses its smoothness and the 
caliber of the vessels involved is either dilated or narrowed. In some in- 
stances a complete block of the lumen is present. The collateral circula- 
tion is increased, unless spasm’? or primary involvement of the small 
vessels'* is present. In Figure 4 there are three obstructions, Le., right 
internal iliac artery, right external and left external iliac arteries, The 
obstruction in the right external iliac artery is segmental in type and 
shows an example of “vital detour” with functional realignment of the 
vessels distal to the block. The block of the right internal iliac artery 
is compensated by an increased collateral circulation arising from the 
internal iliac artery of the opposite side and showing marked injection 
of the uterine and perivesical plexus. The block of the right external iliac 
artery stops proximally to the inferior epigastric and external pudendal 
arteries and therefore there is a functional realignment of the common 
femoral artery. In this case both “vital detours” external iliac—deep iliac 
circumflex—inferior epigastric—common femoral artery, and _ internal 
iliac—internal pudendal—external pudendal—common femoral, function. 
On the left side there is also a block of the external iliac artery, but the 
obstruction has extended beyond and includes the “vital detour” and 
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Figures 5, 6, 7 and 8, 
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therefore there is no functional realignment. The prognosis on the right 
side is good as far as vitality of the limb is concerned but poor for func- 
tion; on the left side the prognosis is poor as far as life of the limb is 
concerned, unless something is done to improve the circulation. The 
patient’s age is thirty-two. 

Figure 5 shows one of the most common sites of obstruction, i.e., the 
superficial femoral artery, which is the main arterial vessel to the lower 
extremity. There is a “functional realignment” of the superficial femoral 
artery through a “vital detour”; 1e., profunda- perforating branch— 
muscular branch—superficial femoral, This is the usual pattern we have 
seen in cases of obstruction of the upper and middle third of the super- 
ficial femoral artery * which is so constant. 

Figure 6 shows a partial obstruction of the superficial femoral artery. 
The blood supply to the superficial femoral distal to the partial obstruc- 
tion is through the same strategic vessel we have shown in the previous 
case (Figure 5). We emphasize the importance of this vessel also from 
a surgical point of view because it is easily identified and shows the lower 
limit of the obstruction at the time of surgery. The patient whose 
arteriogram is shown in Figure 7 demonstrates that most of these patients 
need urgent attention and treatment. In this arteriogram the superficial 
and deep femoral arteries are well outlined. There are some arterios- 
clerotic plaques along the vessel wall but there is no complete obstruc- 
tion and only in one point is the lumen narrowed down to about 1 mm. 
in diameter. Collateralization is very poor. This patient was operated 
upon two months after the arteriogram was taken and at the time of 
surgery a long segment of the superficial femoral artery was found to be 
thrombosed. This proves that secondary thrombosis can propagate 
quickly if the peripheral resistance does not allow a rapid flow of an 
adequate volume of blood. In this case the original increase in resistance 
was due to one single arteriosclerotic plaque protruding into the lumen. 
Figure 8 shows marked arteriosclerotic changes of the superficial femoral 
artery which is tortuous and dilated. Its distal third presents a total block 


and there is “functional realignment” of the popliteal artery through 
bridging collaterals of the great anastomotic and the geniculate arteries. 
There is hypervascularization at the groin, which reflects the effect of 
the lumbar sympathectomy which was performed in this case. The 
anterior tibialis, peroneal and posterior tibialis arteries are blocked. The 
size of these vessels is too small to attempt direct surgical treatment. 
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Figures 9, 10, 11 and 12. 
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Figure 13. 


Discussion 


The prognosis in each case is related to the anatomical distribution 
and condition of the blood vessels involved and to the treatment that 
can be offered. The accurate study and interpretation of the arteriogram 
will give much of this information; angiography, therefore, has to be 
considered of paramount importance as far as prognosis and treatment 
are concerned. Regardless of etiology we wish to point out once again 
that in the great majority of all these cases the arterial obstruction has a 
segmental distribution. The recognition of the segmental nature of the 
block, together with the technical improvement achieved in recent years 
in the domain of vascular surgery, has changed the forms of treatment 
and has in many cases ameliorated the prognosis."* '* 


The indirect type of surgical treatment such as sympathectomy, 
adrenalectomy and arterectomy attempt to improve the collateral cir- 
culation.'® '* The direct type of surgical treatment attempts to reestablish 
a normal circulation either by removing the obstruction or by passing 
the blocked segment by graft." 
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In Figures 10 and 11 the pre- and postoperative arteriograms of two 
cases with segmental block of the popliteal artery in the first and the 
iliac artery in the second are shown. In both cases endoarterectomy was 
performed and the patency of the vessels reestablished. 

As the result of these aortograms and arteriograms fifteen patients 
have been operated. The aorta and the iliac arteries have had intimec- 
tomies on five oceasions. The femoral artery has been operated on ten 
times. Four analogous vein grafts have been placed in these operations. 
In six others intimectomies have been done. No limb has been lost as the 
result of any of these operations.” 


SUMMARY 


1. The importance of occlusive arterial disease of the lower ex- 
tremities has been discussed and the prevailing segmental types outlined. 
2. The technique of arteriograms was mentioned but not detailed. 

3. Normal arteriograms of the arteries of the pelvis and the lower 
extremities were presented. 

4. A corresponding series of arteriograms were shown demonstrating 
segmental arterial occlusion and the importance of the “vital detours” in 
preserving limb integrity. 

5. The significance of arteriograms in localization and determination 
of types of surgical therapy has been shown, 


6. Fifteen patients have been surgically treated. 
7. Arteriograms of postoperative results were presented. 
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ERRATUM 


In the Bulletin of the New York Academy of Medicine, Volume 29 
October 1953, on page 750 Chart 1 and page 751 Chart 2 the author's 
data contain an error in dosage. These charts should be corrected 
to read “Histamine 0.05 mg.” In the same article on page 755 line 29, 
“o.o5 histamine base .. .” should read “o.o5 mg. histamine base . . .” 
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PATHOLOGICAL STUDY OF 
RETINOBLASTOMA TREATED BY 
RADON SEEDS AND RADIUM DISKS* 


The Charles H. May Memorial Lecture 


H. B. STALLaARD 


Surgeon, The Moorfields Eye Hospital; 
Ophthalmic Surgeon, St. Bartholomew's Hospital, London, England 


peseseseseseMixst, | thank you most sincerely for the great honour you 
have done me in inviting me to give this lecture in 

F memory of the late Charles H. May. Charles H. May 
came to New York at the age of four and in this great 
esesesesesesal city his work as a famous teacher, a skilful surgeon and 
a man of absolute integrity of character and high ethical standards justi- 
fiably earned him an international reputation and the high regard of his 
colleagues in this and in many countries abroad. His well known book, 
which ran to 18 editions during his life and is being continued by his 
nephew Dr. Charles A. Perera, exemplifies the soundness of his judg- 
ment and his vast clinical experience. His ability as an artist is shown in 
his fundus paintings and his optical ingenuity in the design of the earliest 
electric ophthalmoscope. As a fitting tribute to the impartiality of his 


professional opinion and character, government agencies, industrial 
groups and insurance companies eagerly and frequently sought his 
advice, Charles 11. May was a master in handling patients for he judged 
with precision when to give reassurance and sympathy, when to inspire 
courage and when to be firm. 

In Scotland, a stern and romantic country, where they judge men 
by what they do and women by what they intend to do, they have an 
axiom “The deed will show.” Charles H. May’s deeds expressed so 
closely his ideals that they showed him to be among the great teachers 
and practitioners of ophthalmology. 

I thought it fitting to dedicate to the memory of an ophthalmologist 
with such wide interests a lecture which touched upon the clinical features, 
pathology, radiotherapy and surgery of so tragic a disease as retinoblas- 


* Presented by invitation, before the Section on Ophthalmology, at The New York Academy of 
Medicine, April 20, 1953. Manuseript receiwed May, 1953 
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toma. And so the title of this lecture is: Pathological Study of Retinoblas- 
toma Treated by Radon Seeds and Radium Disks. 

In general it is true that if the tissue from which the growth arises 
is radio-sensitive, then the neoplasm will also be radio-sensitive, and 
Fllinger (1941) has stated that “tumours arising in radio-resistant tissue 
are invariably radio-refractory and are to be described as radio-resistant 
tumours.”” However, it is fortunate that the latter is not true in the case 
of retinoblastoma for although the retina in common with other parts of 
the nervous system is resistant to irradiation, even at doses which are 
several times more than that which injures blood-forming tissues, the 
undifferentiated atypical cells of retinoblastoma are highly radio-sensi- 
tive. So with retinoblastoma there is the unique and favourable condition 
of a very radio-sensitive neoplasm arising from relatively radio-resistant 
tissue. The reason that smaller neoplasms are more radio-sensitive than 
larger growths is probably due to the fact that they have a better blood 
supply. This is certainly so in retinoblastoma, It is evident that radio- 
sensitivity is reduced in anoxaemia, and it is greater in the young. 


MATERIAL OF PreseNT INVESTIGATION 


I have studied pathologically eight eyes containing irradiated retino- 
blastoma. Two were completely full of growth and were used in 1930 
and 1931 to assess the effective range of a 3.5 mec. radon seed inserted 
interstitially and left in place for ten days. One child had a clinical cure 
of retinoblastoma in the remaining eye, but unfortunately died eleven 
months later from a recurrence in the orbit from which the other more 
severely affected eye had been excised. Another child, one year after 
successful irradiation of three large masses of retinoblastoma around 
the optic disc, had an intra-ocular haemorrhage and complicated glau- 
coma. Three children had more than half the retina affected by the 
growth and a total detachment; and there was one patient in whom 
three-quarters of the retina was involved and who ultimately lost the 
eye from intra-ocular haemorrhage and complicated cataract. Serial 


sections were cut, 16» thick, and stained with Mallory’s phosphotungs- 
tic acid haematoxylin, Feulgen’s solution, Heidenhain’s iron haemo- 
toxylin, haematoxylin and eosin, van Gieson’s stain, and Hotchkiss’ modi- 
fication of McManus’ stain. 

Histo-pathological Changes: Even though the cell nucleus is no 
longer regarded as the only radio-sensitive component of the cell (the 
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Fig. |. Site of irradiated neoplasm in upper nasal quadrant of right eve. Note 
avascularity of this quadrant, fine pigment stippling around the characteristic 
crenated sear 


cytoplasin being relatively radio-insensitive), it is still consistent with 


modern concepts to regard it as an important indicator of post-irradiation 
intra-ce!lular changes and as an expression of radio-sensitivity. Neverthe- 
less, it is probable that the nuclear changes are not entirely the result 
of direct irradiation but may be due also to cytoplasmic changes. 

The histological features of an irradiated cell are increase in the 
size of the nucleus and of the cytoplasm. In the nucleus the chromatin 
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is clumped, broken up into minute spherules, and distributed irregularly 
around the periphery on the nuclear membrane (pyknosis). In some 
cases the chromatin granules project from the periphery of the cell as 
small excrescences. Lobulation is sometimes evident, the nucleoli assume 
a signet-ring shape, liquefaction occurs with vacuole formation, and 
disintegration of the nucleus (karyorrhexis) is followed by its fragments 
entering the cytoplasm. The cell outline becomes less distinct, vacuola- 
tion and increased size of the cytoplasm occur. Figure 3 shows these 
changes in retinoblastoma cells ten days after interstitial irradiation with 
a 3.5 me. radon seed. 

Mitosis: Atypical mitosis is shown by clumping and lagging of the 
chromosomes, and by multipolar asters. Mitosis does not become com- 
plete and may remain at the equatorial-plate stage. In the case of those 
cells which had already begun to divide when irradiation struck them, 
the process was completed but the daughter cells developed into giant 
cells. Ultimately denaturation of the proteins and their precipitation 
produce an irreversible change characteristic of irradiation coagulation 
necrosis in the cell which is radio-sensitive. In the case of retinoblastoma 
it is most likely that this change accounts for the altered ophthalmoscopic 
appearance of the neoplasm two or three days after irradiation, for its 
greyish-white, granular appearance changes to a dense white flocculent 
mass, from which flakes like curdled milk separate off. 

Vascular Changes: It is evident from both ophthalmoscopic and 
microscopic examinations that the ultimate fate of irradiated blood ves- 
sels is attenuation and the disappearance of part or all of the vascular 
tunics. Figure 1 shows these changes on the nasal side where a 
retinoblastoma was successfully treated by suturing a radon seed to the 


sclera, Microscopic examination reveals a deep brilliant pink staining 


of the collagen of the tunica adventitia which, in cases examined one 
month after radium or x-ray treatment, is a purple pink. Individual col- 
lagen fibres become fewer and thicker and some merge together. Most 
of the collagen fibres separate and project into surrounding tissues at 
angles; they are wavy and some become detached. One week after 
irradiation these fibres become granular and disappear. In sections exam- 
ined four to five months after irradiation there is no adventitia. In the 
tunica media the muscle fibres become swollen and the nuclei enlarge; 
degeneration occurs late in some cells after high irradiation doses and 
they ultimately disappear. Nevertheless, muscle and elastic membrane 
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Fig. 2. Site of retinoblastoma successfully irradiated. Atrophy and 
py 
avascularity of retina and choroid. 


are considered to be radio-resistant. The varicose appearance and irregu- 
larities in calibre of some smaller vessels may be due to compression by 
changes in the surrounding connective tissue as well as to the irradiation 
changes in the vessel wall. In the capillaries, irradiation is said to paralyse 
the cells of Rouget, to increase their sensitivity to dilator stimuli, and to 
lessen it for constrictor impulses, 

These vascular changes play an important part in the disappearance 
of the neoplasm. Incidentally, they are also responsible for such late 
complications as intra-ocular haemorrhage, irradiation cataract, and the 
slow healing of incisions in the conjunctiva and extra-ocular muscles 
when the radium has been placed unavoidably near these structures. 

Changes in the Neoplasm: Figure 2 shows part of the retina which 
before irradiation was involved in the neoplasm. In this degenerate, dis- 
organized, atrophic area there are no retinoblastoma cells, the neoplasm 
has completely disappeared. The reduced vascularity of both retina and 
choroid is obvious. 

In some cases traces of neoplastic cells persist in compressed columns 


and clumps surrounded by fibrous tissue and in others there are pale- 


centered islands of degener ate necrotic, and distorted cells, which stain 
a mauvish-pink colour with haematoxylin and eosin (Fig. 3). The central 
vessel in every island is absent, the cell and nuclear membranes are very 
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4A. Retinoblastoma, upper nasal quadrant right eye. 
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Fig. $5. One vear after irradiation 


. 4C, Section of white plaques in the retina. 
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Fig. 5. “Ghost” cells in ganglion cell layer. 


faint, and chromatin fragments stain darkly with the basic dyes. Around 
such islands appear attempts at fibrosis. In one instance (see Fig. 4 A. 
B, and C) there were islands of retinoblastoma cells with the nucleus 
staining well and histologically not necrotic which remained inactive 
until the child died from recurrences which arose in the orbit of the ex- 
cised eye nearly a year later. A similar case in which clumps of retino- 
blastoma cells remained thus for eight years without proliferation is 
reported in the literature. 


Calcification occurs in some islands after degenerative changes, and 
fibrosis around groups of retinoblastoma cells may be the sequel to 
cellular degeneration and is not specific to irradiation. The swollen 
“ghost” cells occur in the nerve fibre layer (Fig. 5) on the internal 
limiting membrane, and in the space between the rods and cones and 
retinal pigment epithelium, 


At and around the site of irradiation there occurs oedema of the retina 
which may extend 4 or 5 mm. beyond the periphery of the neoplasm, 
and in specimens examined up to a year after radium treatment cystic 
spaces appear in the outer nuclear layer. The periphery of the zone of 
intense irradiation, where the radon seed or disk has been applied, shows 
a crenated fringe of coarse broken pigment which in section is repre- 
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Vie. GA. Retinoblastoma——nasal side— before irradiation. 


sented by spherical clumps of retinal pigment epithelial cells, and the 
fine pigment dusting of the retina peripheral to the characteristic irradia- 
tion scar is shown by little irregular-shaped deposits of dark and honey- 
coloured pigment in the outer and inner molecular layers and in the 
ganglion cell layer of the atrophic retina. 

Many of the blood vessels disappear, and the larger vessels become 
attenuated, a feature evident on ophthalmoscopic examination. Some of 
the vessels are thickened, the nuclei in the structures which form the 
vascular tunics stain faintly, and hyaline changes are present. 

The ganglion cell layer is degenerate and much of it is replaced by 
spindle cells, presumably young fibrous tissue, which at some sites pro- 
jects forwards as a small nodule. 


In the outer nuclear and molecular layers there are in some specimens 
irregular-shaped deposits of homogeneous exudate and hyaline materiai, 
which stained pink with eosin. The supporting fibres of Miiller are 
distorted at the edge of the neoplasm. 
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Fig. 6B. After irradiation, 


The rods and cones are destroyed and granular pigmented débris 1s 
present between the external limiting membrane and Bruch’s membrane. 
Retinal haemorrhages occur particularly in the ganglion cell and inner 
molecular layers. The choroid at and around the site of irradiation 
becomes thin and atrophic, its vascularity is much reduced, and the 
chorio-capillaries become obliterated. Infiltration of the choroid by 
retinoblastoma cells is regarded by radiotherapists as a bad prognostic 
sign. Irradiation cataract is characterized by the so-called “bladder cells” 
at the equator and in the posterior part of the cortex. In one case the 
epithelium of the lens capsule completely surrounded it. 

It is possible that the destruction of a large mass of retinoblastoma 
occupying more than half the eye may have produced a toxin which 
has caused ultimately an endophthalmitis in one case treated by radon 
seeds, and in two treated by deep x-rays. Iridocyclitis and complicated 
glaucoma are sequels which are rarer after treatment by radon seeds 
and radium disks than after deep x-ray. These fundus paintings (Fig. 6 
A and B) are two typical examples of the changes seen in successfully 
irradiated retinoblastoma. 
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Fig. 7. Radium disks, 5, 7.5, 10 and 15 mm. active diameter. 


CLINICAL 


The statistics, observations and comments in this part of the paper 
which concern radiotherapy are based on three series of patients. 

1. My own series of thirty-six patients (thirty-seven eyes), sixteen 
treated by radon seeds 1934-48 and twenty-one by radium disks 1948-52. 
2. Foster Moore’s five patients treated by radon seeds 1929-37. 

3. Twenty-five patients treated by other surgeons in U.S.A., Great 
Britain, Canada, and Australia, 

Radium Disks: Since the end of 1948 I have used circular radium 
disks (Fig. 7) moulded to fit the radius of curvature of the sclera exactly, 
in the belief that these provide a more even irradiation of the neoplasm 
than the cylindrical radon seeds which ride at a tangent to the globe. 
These disks are circular, for the base of a malignant intra-ocular neoplasm 
is generally this shape, and are curved to fit the sclera exactly so as to 
deliver an even irradiation to the underlying growth. The edge of the 
disk is grooved around its entire circumference and it fits closely into 
the groove of a curved semi-circular clip, where it is retained by a 
silk suture which passes through the holes at the ends of each lug and 
is thence drawn taur in the exposed groove round that part of the disk 
which is not in contact with the semi-circular clip, Two lugs, also curved 
like the disk, project from the clip; these are either grooved transversely 
or bored with holes for the retention of the scleral sutures which secure 
the radium disk and its clip to the eye. The lugs may be of various lengths 
to facilitate attachment to the sclera by sutures. The platinum casing is 
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Tastee A—DETAILS OF RADIUM DISKS 


Active 
Diameter 


5.0 mm Co.”ring 5.0 mm O.D, 
mm LD. 
mm Thick 


7.5 mm Co.ring 5 mm 
mm LD. 
mim Thick 

10.0 mm Co.”ring 975 mm OD. 


mm 
mm Thick 
Co.“disk 2.0 mm Diameter 
mm Thick 
15.0 mm Co.”ring 5.0 mm O.D. 


mm 
mm Thick 


Co.”ring 9.0 mm O.D. 
mm LD. 
mm Thick 


mm Diameter 
mm Thick 


CONSTRUCTION OF RADIUM DISKS 
1 me. Co.60 1.43 mg. Radium 


Active Outside Maximum depth 
Diameter Diameter of lesion 


5.0 mm 7.0 mm 4.0 mm 
7.5 mm 9.75 mm 6.5 mm 
10.0 mm 12.0 mm 8.0 mm 


15.0 mm 17.0 mm 11.5 mm 


Active me, Co,60 r. at 2mm, from 
Diameter required surface of applicator 


5.0 mm 0.63 me 19,000 
75 mm 10 me 19,000 
10.0 mm 1.46 me 19,200 
15.0 mm 3.15 me 19,000 
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Fig. 8 Isodose curves for radium disk of 10 mm. active diameter. 


1.3 mm. thick, the inner radius of curvature being 11 mm., the average 
for the scleral surface in a young child. The wall thickness of the 
platinum case is 0.5 mm. and the depth of its cavity 0.3 mm, Within the 
cavity is either a ring or a ring and central circular disk separated by a 
short intervening gap, both being made either of asbestos paper impreg- 
nated with radium salt, or of cobalt which has been placed in an intense 
beam of neutrons in the atomic pile at Harwell. Cobalt 59 captures a 
neutron to become Cobalt 60, which is an unstable atom and disintegrates 
to nickel giving off ganrma rays and beta particles. Since cobalt and 
nickel are toxic to tissues, the platinum envelope is sealed hermetically 
with silver solder. This distribution of either the radium or the irradiated 
cobalt is designed to make the dose as uniform as possible at the curved 
surface of the retina, The 0.5; mm. thick platinum case absorbs alpha 
and beta radiation so that only gamma rays reach the tissues. Disks from 
§ to 1§ mm. in diameter are used and their radium content ranges from 
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11:7% = 5-YEAR SURVIVAL 
SUCCESSES 


BLIND 
J NO RECURRENCE 


N° OF PATIENTS 


RADON SEED Dea pX Ra Metastases 
RADIUM DISK & Rodium opposite orbit 


Table B. Results in my own series of 36 patients (37 eyes). 


0.63 to3.15 me. Co” (See table A). The radium loading has been calcu- 
lated to give a dose of approximately 3,50or. in one week (168 hours) 
at the apex of the neoplasm. For this purpose the height of the growth 
has been assumed to be 7/10 of its diameter (See Fig 8). The half life 
of an irradiated cobalt disk is 5.2 years, and in view of this decay rate 
the dose has to be adjusted at least once a year. 


Facts 


Of the thirty-six patients (thirty-seven eyes, see Table B) treated by 
radon seeds and radium disks in my own series twenty-eight have kept 
some useful vision, and there has been no evidence of recurrence in the 
irradiated eye. Ten of these twenty-eight patients are still alive more than 
five years after irradiation; their periods of survival being eighteen years 
(one), seventeen years (one), sixteen years (one), fifteen years (one), 
fourteen years (two), thirteen years (one), six years (one) and five 
years (two). Of the seven failures who are all blind but still alive, two 
have kept their remaining irradiated eye with no sign of recurrence (one 
for fifteen years and the other for thirteen years) since the application 
of radon seeds. In five cases the irradiated eye has been excised—because 
of total detachment in two, vitreous haemorrhage and complicated 
glaucoma in two and vitreous haemorrhages and retinal detachment 
in another. Microscopic examinations of serial sections of these eyes 
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showed no clear histological evidence of active retinoblastoma cells. 
The three patients who were given deep x-rays and then radium 
were prognostically unfavourable, for more than half the retina had 
already been destroyed by the neoplasm and the remainder was detached. 
The therapeutic intention in these advanced cases was to destroy as 
much of the growth as possible by deep x-rays and then to deal with 
any remaining localized active residue with a radium disk in the vain 
hope that the perception of light which seemed to exist in the detached 
retina would give the child some measure of guiding vision. These three 
cases ultimately failed, necessitating excision of the eye one and a half 
to two years after treatment on account of intra-ocular complications. 
There was a severe vitreous haemorrhage and complicated glaucoma in 
two cases, and in the third there occurred endophthalmitis possibly 
excited by toxins from a mass of cells destroyed by irradiation. In two 
of these cases, however, there was no certain evidence on microscopic 
examination of serial sections that any active retinoblastoma cells 
remained, Four patients who had the neoplasm in their remaining eye 
successfully treated (one by radon seeds and the other three by a radium 
disk) and three of whom had good vision with an unaffected macula 
and a healthy looking optic disc for one to two years, died from a recur- 
rence in the orbit of the excised eye, the recurrences having been un- 
successfully treated by deep x-rays in each case. It is probable that the 
proper action to take in such cases is immediate exenteration of the 
socket followed by deep x-ray treatment (in Reese’s series an orbital 
recurrence was fatal in every case in which it occurred). In the success- 
fully irradiated eyes the visual acuity is now: 


6/6 6 cases 
6/9.6/6 partly (Edge of macula scarred) 1 case 
6/9 I case 
6/18 2 cases 
6/24 where the macula was involved in the 

growth I case 

with aphakia and perimacular exudates 1 case 
6/36 where the macula was involved in the 

growth I case 
6/60 with neoplasm situated at the macula 2 cases 


1 also had central lens opacities 
Perception of light 


I case 
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The remaining eight patients, one of whom had both eyes irradiated, 
are still too young for any reasonable estimate of their vision to be 
made. In four of these it should be reasonably good. It is remarkable 
that four patients with the scar of the successfully irradiated neoplasm 
obliterating the papillo-macular region have been able to use the nasal 
part of the retina to read. One boy reads J.4. and draws most accurately. 

Complications: The reasons for the failures which resulted in loss 
of sight and excision of the irradiated eye have been stated as total 
retinal detachment, complicated glaucoma, and severe intra-ocular 
haemorrhage. Such complications occurred in eyes where more than 
half of the retina was destroyed by the neoplasm, and where three or 
more large islands of growth were near the optic disc. The complications 
in those cases classified as being unsuccessful with some preservation of 
sight were as follows: 

1. Cataract necessitated the extraction of the lens in three cases. 
A small opacity about 1.5 mm, in diameter has remained stationary in 
the centre of the posterior cortex in three cases and at the equator in the 
upper nasal quadrant in one case. In six cases the opacity followed the 
use of radon seeds and in one, where a 0.63 mc Co™ radium disk was 
applied between the equator and ora serrata, a small posterior cortical 
opacity has appeared. It is probably still too early to judge whether the 
incidence of irradiation cataract will be affected by the radium disk 
technique, which I have used only since the end of 1948. In five cases 
the opacity followed the application of three or four 2 millicurie radon 
seeds, and in one case it occurred after the use of one 2 millicurie seed 
placed between the equator and the macula. In three cases in which 
the lens became so opaque that discission and curette evacuation were 
necessary, the radon seeds had been placed just behind the equator; in 
two in which there was a smal] central posterior cortical opacity, the 
seeds had been sutured to the sclera over the macula. The earliest onset 
of lens opacification was ten months after the application of a 0.63 mc 
Co” radium disk, and the longest eleven years and six months after 
three 1.1 millicurie radon seeds had been applied over the macula. 


2. Retinal exudates resembling circinate retinopathy were present at 
and around the macula in three patients who had radon seeds applied 
behind the equator. These exudates appeared from seven months to nine 
years after irradiation and have persisted for eleven years. 

3. Retinal Haemorrhages on a small scale occurred in three cases. 
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In one these appeared three years and one month after irradiation of 
the macula and have persisted for thirteen years; in another a small 
retinal haemorrhage occurred adjacent to the optic disc one year after 
the application of a 2 millicurie radon seed to the macula; in the third 
a haemorrhage over the irradiated papillo-macular area appeared when 
the patient was fourteen years old, thirteen years after irradiation. 

4. White Sheathing of Larger Branches of Retinal Vessels around 
the optic disc and pallor of the disc occurred in two cases after the 
application of a radium disk behind the equator. 

5. Diffuse Choroidal and Subretinal Haemorrbage occurred seven 
months after the use of a 1.46 me Co” radium disk to irradiate a large 
mass around the macula and optic disc. This haemorrhage absorbed in 
three months. 

Series 2) In Foster Moore’s series of five patients (See Table C) treat- 
ed between 1929 and 1937, four have survived. Two of these had irradia- 
tion cataract but sufficient vision despite aphakia and macular scarring to 
enable them to earn a living; two are blind, one from endophthalmitis 
following interstitial insertion of three 3.18 millicurie radon seeds and the 
other from severe intra-ocular haemorrhage, iridocyclitis, and complicated 
glaucoma which occurred eleven months after successful irradiation. One 
died of gastroenteritis during postoperative convalescence. 

Series 3) Other Surgeons. | have collected twenty-five other cases re- 
ported in the literature (See Table C). In these cases as in Foster Moore’s 
series most of the successes were obtained by radon seeds. Of the seven 
successes, three are still alive five years after treatment and the vision is 
from 6/6 to 5/60. Of the four failures, one died from metastases, two be- 
came blind from total retinal detachment, and one received too much 
irradiation for the eye to retain any useful function. In some hospitals a 
variety of techniques has been used including the insertion of radium 
needles and radon seeds into the orbit unfixed around the site of the intra- 
ocular neoplasm or at intervals around the eye, and the external applica- 
tion of Columbia paste plaques containing radium needles. It is clearly 
evident that the insertion of radium needles into the orbit damaged the 
eye so considerably that useful vision was lost in seven out of ten 
patients treated by this technique. The points of the needles converged 
to make a truncated cone with its anterior diameter about 3 cm. and 
its sides 1.5-4.5 cm. long depending on the active length of the needle. 
In some cases four needles were also disposed as a coronal frame in the 
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RESULTS P. T 


FOSTER MOORE —'OTHER SURGEONS po NEEDLES | RADIUM 
RADON SEEOS PLAQUES 


SUCCESSES FAILURES 


BLIND 
= 5- YEAR dno RECURRENCE 
SURVIVAL ZY EYE EXCISED 
DEAD 


Table C. Series 2 and 3 results. Foster Moore and other surgeons. 


N° OF PATIENTS 


orbit about the plane of the equator of the eyeball. This distribution 
of the needles was made regardless of the site of the retinoblastoma, 
which in six instances occupied less than one quadrant of the eye and 
in another case was at the papillomacular area and measured 6 x 4.5 mm. 
The needles were left in place for seven days in most cases, the least 


time being four days and the greatest nine days. 

After this treatment three children have some imperfect vision. Of 
the seven failures, one is blind in both eyes which he has retained, five 
have had their blind eyes removed (one of these had both eyes irradiated 
and subsequently excised), and one whose eye was reported to be full 
of retinoblastoma died after an orbital recurrence. The cause of failure 
in seven eyes has been severe intra-ocular haemorrhage and retinal de- 
tachment, and in another patient it is likely that behind the irradiation 
cataract in both eyes there is gross destruction of the retina for there 
is no perception of light in either eye. In six of these cases the neoplasm 
was small enough and was so situated that in my opinion the visual 
prognosis should have been good with appropriate irradiation applied 
to the base of the neoplasm. 

The results of using Columbia paste plaques holding radium needles 
were quite disastrous in every case, since they failed to destroy even 
small islands of retinoblastoma. Of the four patients treated by this 
Columbia paste plaque technique, two died of metastases and two were 
blinded by dense vascularized opacification of the cornea. One child 
also suffered distortion of the upper lid and trichiasis. The tragedy is 


149 
oy 


THE 


150 BULLETIN 


that in thirteen children treated by radium needles either inserted into 
the orbit or implanted in Columbia paste plaques the islands of neoplasm 
were small and should have responded to treatment by either a radon 
seed or radium disk fixed to the sclera at the appropriate site. 

A radio-active tantalum wire doubled to form a rectangular frame 
was used in one case but the patient lost perception of light due 


to iritis, irradiation cataract and retinal detachment from too much 
irradiation. 


Fottow-Up 


Whilst small neoplasms under 5 mm. in diameter may disappear 
within 3 or 4 weeks after irradiation, with larger growths, when one 
quadrant or more has been affected, it is generally necessary to wait 
at least two months before it is possible to assess the maximum effect 
of irradiation, 


CONCLUSIONS 


A study of these cases has made it clearly evident that when one- 
third or less of the retina is involved in a retinoblastoma there is reason- 
able hope that it may be destroyed by irradiation therapy. With very 
few exceptions the results are bad when one half or more of the retina 
is already destroyed. In such cases retinal detachment is generally present 
and if it is not already so, will almost certainly occur after irradiation. 
Later sequelae are severe intra-ocular haemorrhage, iridocyclitis, comphi- 
cated glaucoma and endophthalmitis. Irradiation often fails when the 
choroid is infiltrated It would therefore seem advisable in such advanced 
cases to excise the eye with 10 mm. of the optic nerve and to give post- 
operative irradiation to the orbit. In no instance in this series was irradia- 
tion of the eye worth while when half or more of the retina was involved 
in the growth. 

The dose is still empirical. It is a fact that the neoplasm in some 
patients is more radio-sensitive than in others, and I think it is evident 
that the retinoblastoma is more radio-sensitive than the more highly 
differentiated neuro-epithelioma, It seems that a dose of 2,500-3,500 r 
at the summit of the neoplasm is generally effective. 

In my opinion it is desirable to bring the therapeutic artillery as 
close as possible to the target and to hit hard and quickly with a con- 
centration of fire that is known to be both effective and reasonably safe 
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Retinoblastoma 


PERCENTAGE 


L 
RADON NEEDLES) | DEEP x Rays 
RADIUM DISKS PLAQUES 


| 
5- YEAR NO RECCURENCE DEAD 


SURVIVAL EVE EXCISED 


Table D. Comparative results with different methods of treatment, 


for the eye. To achieve this I think that radium disks made to fit the 
scleral curvature evenly are better than radon seeds and the other appli- 
cators so far used. This technique is preferable to long range shooting 
by heavy doses from radium needles fixed in Columbia paste plaques or 
from the radium “bomb,” for both these methods are disastrous for the 
eye and are often quite ineffective in destroying the neoplasm. 

Although deep x-ray treatment is successful in many cases, where 
less than one-third of the retina is affected by the neoplasm, it has the 
technical disadvantages of protracted treatment, and the difficulty of 
maintaining the necessary immobility of a child’s head, and it also pro- 
duces a higher incidence of serious complications than follow the appli- 
cation of either a radium disk or a radon seed. 

Table D gives a comparison of the results of various methods of 
irradiation. It includes statistics taken from Reese’s classical work on 
deep x-ray therapy. These statistics are based on as large a collection as 
I could obtain from the literature. It is evident that the results of treat- 
ment by radon seeds and radium disks in several series in which the 
size of the retinoblastoma was fairly comparable are appreciably better 
by this technique than the others, 
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MONTHLY PANEL MEETINGS ON 
THERAPEUTICS FOR THE GENERAL PHYSICIAN 
1953—1954 
4:30 P.M.—Fridays 
at 


THE NEW YORK ACADEMY OF MEDICINE 
2 East 103 Street, New York 29, N. Y. 


FEBRUARY 5, 1954 


Subject: CURRENT CONCEPTS IN THE MANAGEMENT 
OF ARTERIOSCLEROSIS 


Moderator: WILLIAM DOCK—Professor of Medicine, State University of New 
York, College of Medicine at New York City; Attending Physician 
(University Division) Kings County Hospital 
Members: DAVID ADLERSBERG—Assistant Clinical Professor of Medicine, Col- 
lege of Physicians & Surgeons, Columbia University; Associate At- 
tending Physician for Metabolic Diseases, The Mount Sinai Hospital 
HOWARD A. EDER—Assistant Professor of Medicine, Cornell Uni- 
versity Medical College; Assistant Attending Physician, The New 
York Hospital. 


FORREST KENDALL, Ph.D.—Associate Professor of Biochemistry, 
College of Physicians & Surgeons, Columbia University 


CHARLES F. WILKINSON, JR.—Professor and Chairman, Department 
of Medicine, New York University Post-Graduate Medical School; 
Visiting Physician and Director, Fourth Medical (N.Y.U.) Division, 
Bellevue Hospital 


MARCH 5, 1954 


Subject: CURRENT CONCEPTS IN THE MANAGEMENT OF 
ELECTROLYTE DISTURBANCES 


Complete Medical & Psychiatric Treat 


ment at predetermined cost. Privacy 
POR THE TREATMENT OF ALCOHOLISM of patient is assured—if desired. 


NARCOTIC AND BARBITURATE 
Edward B. Towns, Director 


ADDICTIONS EXCLUSIVELY 293 Central Park West, N. Y. 24, N. Y. 
SChuyler 4-0770 


Member American Hospital Association 


by 


Right— Functioning 
ovary in a woman 
of childbearing age. 


Below— 
Postmenopausal ovary, 
consisting chiefly 

of sclerotic 

and fibrotic tissue. 


“Target action” in 
Vallestril® therapy 


Vallestril is described as having “target ac- 
tion” because it provides potent estrogenic 
activity only in certain organs. 

Vallestril combines a potent action on the 
vaginal mucosa with minimal effect on the 
uterus or endometrium, 

This distinctive, selective action helps ex- 
plain the unusually low incidence of with- 
drawal bleeding as reported in recent carefully 
controlled studies. For this reason alone, 
Vallestril is preferentially indicated in the 
therapy of the menopausal syndrome, 

Vallestril “quickly controls! menopausal 
symptoms, .... The beneficial effect of the 


medication appeared within three or four 
days in most menopausal patients. There is 
also evidence that the patient can be main- 
tained in an asymptomatic state by a small 
daily dose, once the menopausal symptoms 
are controlled.” 

The dosage in menopause is one tablet (3 
mg.) two or three times daily for two or three 
weeks; then reduced to one or two tablets 
daily as long as required. 
1Sturnick, M. I., and Gargill, S. L.: Clinical Assay 


of a New Synthetic Estrogen: Vallestril, New Eng- 
land J. Med. 247:829 (Nov. 27) 1952. 


SEARLE Research in the Service of Medicine 
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You can prevent attacks in angina pectoris 


Peritrate prophylaxis effective in 4 out of 
every 5. Humphreys ef al. noted that Peritrate 
reduced the number of attacks in 78.4 per cent of 
patients and “.. . patients with the greatest num- 
ber of attacks showed the greatest reduction.”! 
Complementing this finding, Russek and co- 
workers observed that their results in angina 
pectoris patients receiving Peritrate were 
“...comparable to those obtained with glyceryl 
trinitrate, burt the duration of action was con- 
siderably more prolonged. 


Freedom from attacks with significant 
ECG improvement. Freedom from attacks 
during Peritrate prophylaxis in verified angina 
pectoris is usually accompanied by significant 
ECG improvement. Peritrate has been effective 


in preventing S-T segment shifts occurring after 
exercise in Many angina pectoris patients.’ 


Simple regimen helps patient “keep up 
with the crowd.” Peritrate, a long-lasting coro- 
nary vasodilator, will reduce the nitroglycerin 
need in most angina pectoris patients.* A con- 
tinuing schedule of one or two tablets 4 times 
daily will usually 

1. reduce the number of attacks 


2. reduce the severity of attacks which can- 
not be prevented. 


Available in 10 mg. tablets in bortles of 100, 500 
and 5000. 


Bibliography: |. Humphreys, P., et al. Angiology 3:1 ( Feb.) 
1952. 2. Russek. H. Urbach, K. FP; Doerner, A. A., and 
Zohman, B JAMA. ! 107 (Sepr. 19) 1954. 4. Plotz, 


New York Seate J. Med. 52 2012 (Aug. 15) 1952. 
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Gouty arthritic gets back in the swing with... 


BENEMID. 


PROBENECID 


Benemio helps bring motion back to gouty 
arthritic joints—helps even your bedridden 
patients return to normal living. 

BENEMID is considered a most effective 
and harmless uricosuric agent.' Without 
any restrictions in diet, serum uric acid 
levels return to normal range... resulting 
in “marked decrease in frequency and se- 
verity of acute attacks and diminution of 
intercritical symptoms.” ? 


Current investigations indicate BENEMID 
also retards and prevents deposition of new 
tophi. Old tophi diminish and sometimes 
disappear altogether.* 

Quick Information: BENEMID is available 
in 0.5 Gm. tablets. Dosage: 1 to 4 tablets 
daily. Contraindication: Renal impairment. 


References: 1. J.A.M.A. 149:1188, July 26, 1952. 2. 
Bull. Vancouver M.A. 29:306, 1953. 3. Current Med. 
Digest: 20:9, Sept. 1953. 
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More Rapid Absorption 


Increased Toleration 


Greater Stability 


ACHROMYCIN, a new broad-spectrum 
antibiotic developed by the Lederle 
research team, has demonstrated greater 
effectiveness in clinical trials with the 
advantages of more rapid absorption, 
quicker diffusion in tissue and body 
fluids, and increased stability resulting 
in prolonged high blood levels. 


ACHROMYCIN exhibits a broad range 


of activity against beta hemolytic strep- 
tococcic infections, E. coli infections 
(including urinary tract infections, 
peritonitis, abscesses), meningococcic, 
staphylococcic, pneumococcic and 
gonococcic infections, otitis media and 
mastoiditis, acute bronchitis and bron- 
chiolitis, and certain mixed infections. 


ACHROMYCIN is now available in 250 
mg., 100 mg., and 50 mg. capsules, 
Spersoips® 50 mg. per teaspoonful 
(3.0 Gm.), Intravenous 500 mg., 250 
mg. and 100 mg. Other dose forms 
will become available as rapidly as 
research permits. 


LEDERLE LABORATORIES DIVISION 


AMERICAN Cyanamid COMPANY 


30 Rockefeller Plaza, New York 20, N.Y. 
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Especially in mild, labile In moderate and severe 


essential hypertension . . . essential hypertension . . . 


\ TM, 
® 
Serpasil Bg Apresoline 
(reserpine Ciba) hydrochloride 
(hydralazine hydrochloride Ciba) 


a pure crystalline alkaloid an antihypertensive agent 


of Rauwolfia serpentina of moderate potency when 


a tranquilizer-antihypertensive for <5 a more significant effect is 
gradual, sustained effect 4 | desired Ciba 


For Intestine! Dysfunction 


Each tablet cont: Extract 


charcoal bese 
For mating Buro~'s Solution 
use xiv 
WET DRESSING Use 


PRESTO-BORO” 


(Aluminum Sulfate and 
Calcium Acetate) 
POWDER IN ENVELOPES 
— TABLETS — 

For treatment of Swellings 
Inflemmations, Sprans 


For Pulmonary Conditions 


TRANSPULMIN® 


3% solution Quinine with 
Camphor for intra 
mustculer Imection 


zx 
= 
2/1947 
EDATION SORIA FOR NERVO" 
E Fenne activeted > 
olete entine = 
tach om dispe'd won-DEPRESSANT nervous 
trate ESS QDORLESS. indicated in cardiac and 9 
STANDARD PHARMACEUTICAL CO., INC., 253 West 26th St., New York : 
4°" Better Birth Control 
3 since 1934 
- = 


A physiologically balanced formulation of 
three well known and widely used compounds: 


eo HCl, 0.5% 
dependable decongestant 


HCl, 0.1% 


Ci, 1:5000 
wetting agent and antibacterial 


SINUSITIS 
ALLERGIC RHINITIS 


Supplied in squeeze bottle of 
20 cc., preseription packed 
with removable label. 


NTz Nasal Solution also supplied 
in glass bottles of 36 cc. (1 fi. oz.) 
1 (16 fi. oz.) 


trademark: reg. US, 
chloride 


respectively 
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powerful antihistaminic 
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: 
Now available in corvenient, non-breakable plastic squeeze bottle ae 
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on every 
count 


SUPERIOR 


Superior flavor 
Exceptionally pleasant tasting... leave no unpleas- 
ant after-taste... readily accepted without coaxing. 
Superior stability 
Require no refrigeration; no expiration date on 
labels. May be safely autoclaved with formula. 


Superior miscibility 
Disperse instantly in formula, fruit juice or water 
... mix well with Pablum and other solid foods. 


Superior convenience 
In ready-to-use form... nO mixing necessary. 
Calibrated dropper assures easy, accurate dosage. 
For young infants, drop directly into mouth or mix 
with other foods. For older infants, measure into a 
spoon. 


nfants 
Cuperior vitamin for i 


Each 0.6 cc. of Poly-Vi-Sol supplies: 


Vitamin A 5000 units 

¢ Vitamin D 1000 units 

Ascorbic acid SO mg. 

POLY-VI-SOL 6 = 

Riboflavin 0.8 mg. 

SIX ESSENTIAL VITAMINS FOR DROP DOSAGE Niscinamide ro 
b Each 0.6 cc. of Tri-Vi-Sol supplies: 

Vitamin A 5000 units 

Vitamin 1000 units 

Ascorbic acid 50 mg. 
VITAMINS A.D AND C FOR DROP DOSAGE ore ta 

genic form. 


Available in 15 cc. and 50 cc. bottles, with 
MEAD JOHNSON & COMPANY calibrated droppers. 
Evansville, indiana, U.S.A. 
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UROKON SODIUM 
_-0 notably Safe, Converted didguoStic medium, fon... 


INTRAVENOUS UROGRAPHY 


50% DIAGNOSTIC IMPROVEMENT—After studying 350 cases in which UROKON 70% was 
used intravenously, Zink', St. Luke’s Hospital, St. Louis, observed: 
“Over-all we have experienced a 50% diagnostic improvement in the examination, 
which we are convinced is attributable directly to the larger quantity of iodine 
available for excretion.” 
INTRAVENOUS PYELOGRAMS OF RETROGRADE QUALITY—Nesbit and Nesbitt*, University of 
Michigan, used UROKON SODIUM 70% in 585 patients and reported: 
“In one-third of the cases the density of the pyelographic shadow was considered 
to be equal to that of retrograde pyelograms. No previous analysis with any other 
medium has ever approached these figures.” 
SAFETY—Barry and Rose*, made the following observations on 1160 cases: 
“In the tabulation of this large series of cases, the observers became lax in record- 
ing the presence or absence of reaction because of the marked absence of toxic 
reactions. For this reason only 556 of the total are so noted. Of this group, 497 or 
89.5% had no reaction.” 
1Zink, O. C.: Routine Clinical Experiences Using UROKON 704% in Intravenous Urography 
(Private Report dated May 12, 1952). 
2Nesbit, R. M. and Nesbitt, T. E.: Experiences with High Concentration UROKON for Pyelog- 
raphy. Univ. of Mich, Med. Bull. 18:225 (1952). 
3Barry, C. N. and Rose, D. K.: UROKON SODIUM 709% in Excretory Urography, J. Urol. (to 
be published). 


Urokon Sodium Brand of Sodium Acetrizoate 


MALLINCKRODT CHEMICAL WORKS 
Second & Mallinckrodt Sts., $1. Louis 7, Mo 


or 
72 Gold Street, New York 8. N.Y. 


Please send me information on 
STERILE SOLUTION UROKON® SODIUM 70% 


MALLINCKRODT CHEMICAL WORKS 
ST. LOUIS - NEW YORK 


CHICAGO « CINCINNATI « CLEVELAND + LOS ANGELES + PHILADELPHIA 
SAN FRANCISCO + MONTREAL +» TORONTO 
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Herald Squore, N. Y. 


Porkchester, Bronx Jamaica, Queens 


White Plains, N. Y. Flatbush, Brooklyn 


MACY'S PRESCRIPTION DEPARTMENT 


Macy's respects professional ethics. We carefully avoid dis- 
cussing your prescription, either its ingredients or its use, with your 
patient. You can be assured that all your prescriptions are accurately 
compounded exactly as you write them. And all our preparations, 
made from the finest ingredients obtainable, are carefully checked 
by our supervising pharmacists. 


No wonder so many physicians prefer Macy's Prescription Department. 


PHOTOGRAPHY | PLASTIC AND GLASS EYES 


for 


MEDICAL PUBLICATIONS 


and 


LECTURES 


X-RAY PRINTS | MAGER «& 
GOUGELMAN, Inc. 


PHOTOMICROGRAPHY 
| OVER A CENTURY OF SERVICE * 1851-1952 


PRIVATE FITTINGS 
PROMPT MAIL ORDERS @ PERSONAL 


EXPERIENCE & SKILL 
Wlartin Haggett 


220 W. 42nd Street, New York 18, N. Y. _  §10 MADISON AVE., N. Y. 22 
Telephone, Wisconsin 7-2602 Telephone Plaza 5-3756 
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Puts him back in the saddle again... 


PENTRESAMIDE. 


TRIPLE SULFONAMIDE WITH PENICILLIN 


For rapid recovery from susceptible infections, 
prescribe PENTRESAMIDE—the established anti- 
biotic-sulfonamide therapy. 


This easy-to-take oral preparation combines 
four potent antibacterial agents. It provides 
synergistic effect...broader antibacterial range 
...-Minimal bacterial resistance...reduced tox- 
icity. In clinical use to combat pneumonia in 
children, “a single oral dose [produces] prompt 


improvement... striking therapeutic results.”* 


Quick Information: PENTRESAMIDE-100 and 
PENTRESAMIDE-250 Tablets provide in each 
tablet 0.1 Gm. sulfamerazine, 0.2 Gm. each of 
sulfamethazine and sulfadiazine, with either 
100,000 or 250,000 units of potassium peni- 
cillin G. Dosage according to body weight, and 
severity of infection. Schedules on request. 
REFERENCE: 1. New York State J Med. 50:2293, 1950. 
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Another Specialty at the 
“Gladys Gray’”’ Shop... 


SCIENTIFIC FITTING OF THE 
PROBLEM BREAST 


. Assurance of the proper approach in handling so 
intimate a problem with psychological as well as 
physiological understanding. 


ts 


Assurance of providing the correct breast support 
indicated for your patient. 


3. Assurance of accurate, careful fittings by specially 
trained registered nurses qualified through ana- 
tomical knowledge and experience. 


in all, a completely professional, dependable 
service! 
— CAMP SURGICAL SUPPORTS 
ELASTIC HOSIERY by KENDRICK, BAUER 
At your Rx source of supply for—< & BLACK, and BECTON, DICKINSON 
“RESTORATION” SURGICAL BRA 
“IDENTICAL” BREAST FORMS 


R. N, 133 EAST FIFTY-EIGHTH STREET NEW YORK 22, N. Y. 
SUITE 201 
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when proper or corrective 
shoes are indicated ... 


prescribe PEDIFORMES 


IN STOCK: 
* straight last shoes 
* inflare last shoes 


| 
| * outflare last shoes 
SATISFACTION GUARANTEED | © club foot shoes 


* flat foot shoes 
Specialists in Plastic and Glass childrens’ shoes with Thomas 


Artificial Human Eyes Exciusively Heel and long counter 


} 
Referred Cases Carefully Attended You are assored alterations and fittings os 
you prescribe because of our interest, and experi- 
ence gained in serving the medical profession for 
more than 35 years. 


FRIED & KOHLER, Inc. Pele 
086. v. 5. Pal, OFF New York City 


665 FIFTH AVENUE near 53rd Street 
Wisconsin 7-2534 
NEW YORK, N. Y. Tel. Eldorado 5-1970 


| Other Shops in: Brooklyn © Flatbush * Hempstead 
New Rochelle * East Orange * Hackensack 
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new dosage form 


Dilaudid sulfate 


10 cc. Multiple Dose Vial 


Each ce. contains 2 mg. (1/32 gr.) dihydromorphinone 
(Dilaudid) sulfate in sterile solution—convenient and ready 
for instant use. 


Dilaudid—a powerful analgesic—dose, 1/32 grain to 1/20 grain. 
a potent cough sedative—dose, 1/128 grain to 1/64 grain. 
an opiate, may be habit forming. 


® Dilaudid is subject to Federal narcotic regulations. 
* Dilaudid™®, E. Bilhuber, Inc. 


BILHUBER-KNOLL’ CORP. ORANGE, NEW JERSEY, U.S.A. 


Especially in mild, labile 
essential hypertension .. . 


Serpasil 


(reserpine Ciba) 


a pure crystalline alkaloid 
of Rauwolfia serpentina 


a tranquilizer-antihypertensive for 
gradual, sustained effect 


In moderate and severe 


essential hypertension... 


\presoline 


hydrochloride 

(hydralazine hydrochloride Ciba) 
an antihypertensive agent 
of moderate potency when 
a more significant effect is 
desired Ciba 
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‘sense of well- being’. 


Relief of menopausal symptoms was complete 
in practically 96 per cent of patients receiving 


“Premarin” and “General tonic effects were noteworthy. . .”* 


“PREMARIN” in the menopause 


Estrogenic Substances (water-soluble) also known as 
Conjugated Estrogens (equine). Tablets and liquid. 


*Perloff, W. H.: Am. J. Obst. & Gynec. 58:684 (Oct.) 1949. 
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ANDRIN 


PROTEIN ANABOLIC STEROID HORMONE COMBINATION 


With Combandrin, the tired. elderly patient lacking the 


metabolic support supplied in earlier years by gonadal 

hormones can often be made stronger, more alert. For- 

A (| e r| mation and retention of protein are promoted, aging bone 

can be given a “new lease” on life, and mental and emo- 

tional reactions may be favorably influenced. More per- 

sons can “live” —not merely exist—in their sixties, seven- 

at 5 pC nts ties and eighties. For, the overall results of Combandrin 
therapy (balanced androgen-estrogen steroid therapy) 


in the aged “is a lessening of the degenerative state . . .” 
Kountz, W. B.: Ann. Int. Med. 35:1055, 1951. 


SUPPLIED: Each ce. contains 1 mg. estradiol benzoate and 20 
mg. testosterone propionate in sesame oil, for intramuscular in- 
jection. In single-dose disposable Steraject® cartridges and in 
10 ce. multiple-dose vials. 


Also, Combandrets* androgen-estrogen combination in con- 
venient tablet form for absorption by transmucosal route. 


PFIZER SYNTEX PRODUCTS 


PFIZER LABORATORIES, Brookins. 


DIVISION, CHAS, PFIZER & CO., INC * TRADEMARK 
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THE BULLETIN 


CONSIDER MULL-SOY FOR 
THE BABY AT BIRTH SS. 
ECZEMA 


ALONE OR WITH 
BREAST MILK 


J PYLOROSPASM | 
48 HOURS 


ON MULL.SOY 
WHEN SYMPTOMS 
= SUGGESTING MILK COW'S MILK 
CONTINUE MULL-SOY ALS ERGY 
AFTER SIRTH 
[THROUGHOUT THE PERIOD | DIAGNOSTIC 
OF IMMUNOLOGIC 


@mo METHOD 
IMMATURITY 


7 


4 


ASTHMA 


ANOREXIA 


“UNHAPPY 
THE TIME’ 


MULL-SOY WILL KEEP MOST 
AND MORE OFTEN “MILK-ALLERGIC BABIES" 
THAN NOT YOU CAN SYMPTOM FREE AND WELL 
SWITCH TO Cow's NOURISHED UNTIL IMMUNOLOGIC 


MILK LATER 
MATURITY IS ACHIEVE 


EASY TO PRESCRIBE-—TO TAKE-—TO OIGEST 


MULL-S OY: 


HYPOALLERGENIC BOY FOOD FOR INFANTS, CHILOREN, AND ADULTS 


An emulsified liquid soy preparation, easy to use as evaporated milk, MULL-SOY 
MULL-SOY provides in one hypoallergenic is a logical basic formula for milk- 
source the protein, fat, carbohydrate, and sensitive infants. 

minerals essential for infant feeding. Standard dilution is 1:1 with water... 
Palatable, safe, easily digested, and as available in 15'%-oz. tins at all pharmacies. 


Professional literature and samples are available on request. 
Prescription Products Division The BORDEN Company, 350 Madison Avenue, New York 17, N.Y. 


1. Glaser, J., and Johnstone, D. E.; Ann. Allergy 10:433, 1952. 
2. Clein, N. W.: Ann. Allergy 9:195, 1951. 
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SURITAL SODIUM 


ULTRASGHORT-ACTING INTRAVENOUS ANESTHETIC 


SURITAL sodium (thiamylal sodium, Parke-Davis) 
produces smooth anesthesia with rapid, quiet induction 
and prompt, pleasant recovery. 


Detailed information on SURITAL sodium will be mailed you on request. 
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in 1947 — First 
Vitamin-Hematinic in 1954 — First 
Tablet to Offer Folic Sia Vitamin-Hematinic 
Tablet to Offer the 
Only Approved In- 
trinsic Factor Product 


*‘ORGANON’ 
EACH TABLET CONTAINS: 


Bifacton® 0.05 U.S.P. unit 
(Vitamin B, 2 with 
Intrinsic Factor Concentrate) 


Liver concentrate 

Ferrous sulfate exsic. 

Ascorbic Acid 

Thiamine HCI 

Riboflavin 

Pyridoxine HCI 

Niacinamide 

Calcium pantothenate’ 
Crystalline Vitamin B, content of 

each Cytora tablet is 1 mg. 

SEE DIRECTIONS OTHER PANELS 


OrRGANON INC. 


| . We 100 TABLETS 
a.) 
Available for your prescriptions 


=oad-spectrum therapy 


of chorce 


in the treatment of a wide range of infections due to 
gram-positive and gram-negative bacteria, spirochetes, 
rickettsiae, certain large viruses and 


cli 


i d Within an hour after or 
abs orpti on tion in fasting 


effective geru 
TerramyciD: 

wide 

distribution 


prompt return 0 
Widely use 
response ages, this tes 


biotic is well tolerate 
other antibiotics are not. 


excellent 
.§ Am. Se. 221:286 (Mar) ¥ 
toleration "Ann. New York Acad. (Sept) 


3. Werner. A., et al.: Proc Soc. Exper Biol. & Med. 
74.26) (June) 1986. 


Available in convenient oral, parenteral and topical forms. 


LABORATORIES, Brooklyn 6, 
Division, C has. Pfizer & Co., Inc. 
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“It's so good to be back 
on the job, doctor” 


NORMAL OUTPUT OF SODIUM AND WAT 


PRESCRIBE NEOHYDRIN whenever there is retention 

of sodium and water except in acute nephritis 

and intractable oliguric states. You can balance 

the output of salt and water against a more 
physiologic intake by individualizing dosage. From one 
to six tablets a day, as needed. 

PRESCRIBE NEOHYDRIN in bottles of 50 tablets. 


There are 18.3 mg. of 3-chloromercuri-2-methoxy-propylurea 
in each tablet. 


cadenship tn diuretic 


(le LABORATORIES, INC., MILWAUKEE 1, WISCONSIN 
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Ciba 


Penicillin-PBZ’ 200/so 
to minimize or 
to penicillin 


The introduction of Penicillin-PBZ is another step in the direc- 
tion of effective, reaction-free penicillin therapy. This new 
product offers all the advantages of high-unitage, oral penicillin 
— plus Pyribenzamine, an antihistamine which has been shown 
to minimize or prevent penicillin sensitivity reactions. 


The clinical need for Penicillin-PBZ is evident from the grow- 
ing incidence of penicillin sensitivity reactions. The prophy- 
lactic and therapeutic use of Pyribenzamine for control of these 
reactions has been demonstrated repeatedly. A few examples: 


1. Simon observed only 3 reactions in 1237 patients to whom 
Pyribenzamine and penicillin were administered simultane- 
ously, mixed in saline diluent. This finding, the author states, 
“should convince the most skeptical that the rate of reaction 
thus obtained is far below that resulting from the same peni- 
cillin without the antihistamine or from other penicillin 
combinations.” 


2. Kesten* observed that Pyribenzamine afforded complete 
relief or suppression of postpenicillin urticarial symptoms in 
88% of cases and concluded that Pyribenzamine is a “most use- 


ful therapeutic agent in allergic symptoms which follow the 
administration of antitoxin or penicillin.” 


3. Loew® reported Pyribenzamine-to be “especially effective 
in controlling the urticaria induced by penicillin.” 


Each Penicillin-PBZ 200/50 tablet contains 200,000 units peni- 
cillin G potassium and 50 mg. Pyribenzamine hydrochloride 
(tripelennamine hydrochloride Ciba). Also available: Penicillin- 
PBZ 200/25 tablets (25 instead of 50 mg. Pyribenzamine). Both 
forms in bottles of 36. 


Literature available on request. Write Medical Service Division, 
Ciba Pharmaceutical Products, Inc., Summit, N.J. 


34: 1930, 


A STEP TOWARD REACTION-FPREE PENICILLIN THERAPY 


Penicillin-PBZ 200/s0 


(Penicillin 200,000-unit tablets PLUS Pyribenzamine® HC! 50 mg.) 
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